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1. INTRODUCTION. This~ report hasi been assembled as an aid tot tIocstE

who are interested in helicopter/heliport research, cnqinvLo.Lnq,

and development. This includes those within the Federal Avi.ation

Administration JAA), those in industry, and those in state arnd

local qoverom6nts.

2. SCOPE. ln selecting documents to be included in this report. tao

limitations 4 ae-ten-observed. First, the documents are

specitically related, in whole or in part. to helicopter

operations. Second, they are limited to documents in which the

research, engineering, and development elements (i.e.. the ADL
Complex) of the FAA have been involved as sponsors, participants, or

* authors. .

3. AVAILABILITY OF DOCUMENTS. The documents listed in the report are

readily available from three sources:

a. National Technical Intormation Service (NTIS). Iany of

the documents listed in this report are available thru NTIS.

These documents can be identified via the statement in block

18 of the technical report documentation paqe (Form DOT F

1700.7) given in Appendix E. For those reports available from

NTIS, the accession number is given in block 2 of the technical

report documentation page. In orderinq a document from NTIS, the
accession number should be used. The cost is dependent on
the number of pages in the document (see table 1).

b. American Helicopter Society (AHS). Copies of virtually

all of the documents listed in this report have been given to

AHS. Both AHS members and nonmembers may obtain copies of

reports for a small fee.

c. Helicopter Association International (HAI). Copies of

virtually all of the documents listed in this report have

been given to HAI. HAI members may obtain copies of reports

for a small fee.

4. ORDER OF THE LISTING. In the bibliographic listing, documents are

listed in order of the year in which they were published. Within

tne year of publication, documents are listed sequentially

accordinq to report number. Some documents do not include the

year of publication as part of report number. Such a document is
Listed after other documents published in the same year. (e.q.,

NAE-AN-26, published in 1985, is listed after the other reports

published in 1985.)
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Table 1.

NTIS PRICE SCHEDULES

Schedule A
STANDARD PRICE DOCUMENTS

AND MICROFICHE

NORTH
PAGE AMERICAN FOREIGN

RANGE PRICE PRICE
Microfiche S5.95 $11.90
001-050 9.95 19.90
051-100 11.95 23.90
101-200 16.95 33.90
201-300 2295 45.90
301-400 2895 57.90
401-500 3495 6990
501-600 40.95 81.90
601-up

'Contact NTIS for price quote.

IMPORTANT NOTICE
NTIS Shipping and Handling Charges (effective June 1. 1985)

U.S., Canada, Mexico - ADD $3.00 per TOTAL ORDER
All Other Countries - ADD $4.00 per TOTAL ORDER

Exceptions - Does NOT apply to:
ORDERS REQUESTING NTIS RUSH HANDLING

ORDERS FOR SUBSCRIPTION OR STANDING ORDER PRODUCTS ONLY
NOTE: Each additional delivery address on an order
requires a separate shipping and handling charge.
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FAA-RD-75-125 V/STOL Aircraft Noise Predictions (Jet PLopulsors)
(N.N. Heddy, D.F. blakney, J.G. Tibbets, J.S. Gib.-.onj

FAA-RD-75-190 Noise Certitication Criteria and Implementition
Considerations for V/STOL Aircraft (MAN-Acotistics and

Noise, Inc.)

'AA-RD-76-1 Human Response to Sound: The Calculation ot Preceived
Level, PLdB (Noisiness or Loudness) Directly From Physical

Measures (Thomas H. Higgins)

FAA-RD-76-49 V/STOL Rotary Propulsion Systems - Noise Prediction and
Reduction (B. Magliozzi)

Vol-I Identification of Sources, Noise Generating Mechanisms,
Noise Reduction Mechanisms, and Prediction Methodoloqy

Vol-II Graphical Prediction Methods
Vol-III Computer Program User's Manual

FAA-RD-76-116 Noise Certification Considerations for Helicopters Based

on Laboratory Measurements (MAN-Acoustics and Noise)

FAA-RD-76-146 A Comparison of Air Radio Navigation Systems
(For Helicopters In Off-Shore Areas) (George H. Quinn)

FAA-RD-77-57 Helicopter Noise Measurements Data Report
(Harold C. True, Richard M. Letty)

Vol-I Helicopter Models: Hughes 300-C, Hughes 500-C,
Bell 47-G, Bell 206-L

Vol-II Helicopter Models: Bell 212 (UH-IN), Sikorsky S-61

(SH-3A). Sikorsky S-64 "Skycrane" CH-54B, Boeing Vertot
"Chinook" (CH-47C)

FAA-RD-77-94 Noise Characteristics of Eight Helicopters
(Harold C. True, E.J. Rickley)

FAA-RD-77-100 Study to Improve Turbine Engine Rotor Blade Containment
(K.F. Heermann, R.H. Eriksson, K.R. McClure)

NA-78-55-LR Limited Test of LORAN-C and Omega for Helicopter
Operations in the Offshore New Jersey Area
(Robert H. Pursel)

FAA-RD-78-101 Helicopter Operations Development Plan

FAA-RD-78-143 Aircraft Wake Vortex Takeoff Tests at Toronto
International Airport (Thomas Sullivan, James Hallock,
Berl Winston, Ian McWilliams. David C. Burnham)

FAA-RD-78--150 Helicopter Air Traffic Control Operations

FAA-RD-78-157 Review of Airworthiness Standards for Certification
ot Helicopters for Instrument Fliqht Rules IIFR)

Operations (Joseph J. Traybar, David L. Green,

Albert G. Delucien)
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FAA-RD-79-59 Powered-Lift Aircratt Handling Qualities in tho Pztse.nce
of Natual ty-Occurring and Computer-Generated Atmspheric
Disturbances (Wayne F. Jewell, Warren F. Clement.

Thomas C. West, Dr. S.R.M. Sinclair)

FAA-RD-79-64 Workload and the Certification of Helicopters for
IFR Operations (Albert G. Delucien, David L. Green,
Steven W. Jordan, Joseph J. Traybar)

FAA-RD-79-99 Airborne Radar Approach System Flight Test Experiment
(Larry D. King, Richard J. Adams)

FAA-RD-79-123 Test and Evaluation of Air/Ground Communications for
FAA-NA-79-22 Helicopter Operations in the Offshore New Jersey,

Baltimore Canyon Oil Exploration Area (James J. Coyle)

FAA-RD-80-17 Northeast Corridor User Evaluation (Joseph Harrigan)
FAA-NA- 80-13

FAA-RD-80-18 Flight Evaluation of a Radar Cursor Technique as

FAA-NA-80-8 an Aid to Airborne Radar Approaches (Joseph Perez)

FAA-RD-80-20 Helicopter Communications System Study
(Michael White, Dana Swann)

FAA-RD-80-22 Airborne Radar Approach (Cliff Mackin)
FAA-NA-79-56

FAA-RD-80-24 Icing Characteristics of Low Altitude, Super Cooled

Layer Clouds (Richard K. Jeck)

NA-80-34-LR Survey of Heliport Lighting and Marking Systems
(Thomas H. Paprocki)

FAA-RD-80-47 Flight Test Investigation of LORAN-C For En Route
FAA-CT-80-18 Navigation in the Gulf of Mexico (Robert H. Pursel)

FAA-RD-80-58 Study of Helicopter Performance and Terminal Instrument

Procedures (Albert G. DeLucien, David L. Green,

H.R. Price, F.D. Smith)

FAA-RD-80-59 Helicopter Terminal Instrument Procedures (TERPS)
Development Program

FAA-RD-80-60 Airborne Radar Approach Flight Test Evaluating Various
Track Orientation Techniques (Larry D. King)

FAA-RD-80-64 A Piloted Simulator Investiqation of State Stability
NASA TM-81188 and Stability/Control Augmentation Effects on Helicopter

Handling Qualities for Instrument Approach
(J. Victor Lebacqz, R.D. Forrest, R.M. Gerdes)
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FAA-RD-80-80 Helicopter Northeast Corridor Operational T'.;t Support
(Glen A. Gilbert)

FAA-RD-80-85 Proposed ATC System for the Gulf of Mexico, Helicopter

Operations Development Program

(D. James Freund, Tirey K. Vickers)

FAA-RD-80-86 Recommendations for Short-Term Simulation of ATC Concepts,
Helicopter Operations Development Proqram

(D. James Freund, Tirey K. Vickers)

FAA-RD-80-87 Preliminary Test Plans for ATC Concepts for Longer Term
Improvements, Helicopter Operations Development Proqram

(D. James Freund, Tirey K. Vickers)

FAA-RD-80-88 Recommended Short-Term ATC Improvements for H elicopters
(Tirey K. Vickers, D.J. Freund)

Vol-I Summary of Short Term Improvements

Vol-II Recommended Helicopter ATC Training Material

Vol-III Operational Description of Experimental LORAN-C Flight

Following (LOFF) in the Houston Area

FAA-RD-80-107 Study of Heliport Airspace and Real Estate

Requirements (Albert G. DeLucien, F.D. Smith)

FAA-CT-80-175 LORAN-C Non-Precision Approaches in the Northeast Corridor

(Frank Lorqe)

FAA-CT-80-210 Helicopter Icing Review (A.A. Peterson, L.U. Dadone)

FAA-RD-81-7-LR Three Cue Helicopter Flight Directors: An Annotated

Bibliograph (Tosh Pott, J.P. McVicker,
Hebert W. Schlickenmaier)

FAA-RD-81-9 Impact of Low Altitude Coverage Requirements on Air-3round

Communications (B. Magenheim)

FAA-RD-81-27 Flight Evaluation of LORAN-C as a Helicopter

FAA-CT-8033 Navigation Aid in the Baltimore Canyon Ol Exploration

Area (William A. Wynn)

FAA/CT-81/35 National Icing Facilities Requirements I',vestiqation
(Frank R. Taylor, Richard J. Adams)

FAA/RD-81/35 Development of a Heliport Classification Method and an

Analysis of Heliport Real Estate and Airspace Requirements

(F.D. Smith, Albert G. Delucien)

FAA/RD-81/40 Improved Weather Services for Helicopter Operations

in the Gulf of Mexico (Arthur Hilsenrod)

FAA-RD-81-55 Recommended Changes to ATC Procedures for Helicopter

(Glen A. Gilbert, Tirey K. Vickers)
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FAA-RD-81-59 Helicopter Area Air Traffic Control Demonstralion Plan

(Tirev K. Vickers, D. James Freund)

FAA/RD-81/92 Weather Deterioration Models Applied to Alternate Airport

Criteria (Edwin D. McCone)

FAA-CT-81-167 Terminal Helicopter Instrument Procedures tTERPS)

(Robert H. Pursel)

FAA-CT-81-180 Engineering and Development Program Plan, Helicopter lcinq

Certification Research

FAA/RD-82/b Instrument Approach Aids for Helicopter

(Edwin D. McConkey, Ronald E. Ace)

FAA/RD-82/7 Flight Test Investigation of Area Calibrated LORAN-C

FAA/CT-81/72 for En Route Navigation in the Gulf of Mexico

(John G. Morrow)

FAA/RD-82/8 Initial FAA Tests on the Navigation System Using Time
FAA/CI'-81/73 and Ranging Global Positioning System Z-Set Receiver

(Robert J. Esposito)

FAA/RD-82/9 FAA Acceptance Tests on the Navigation System Using
FAA/Cr-81/75 Time and Ranging Global Positioning System Z-Set Receiver

(Robert J. Esposito)

FAA/RD-82/16 3D LORAN-C Navigation Documentation

(Eric H. Bolz, Larry D. King)

FAA/RD-82/24 LORAN-C En Route Accuracies in the Central

FAA/MI-82/32 Appalachian Region (Frank Lorge)

FAA/RD-82/40 Application of the MLS to Helicopter Operations

(Edwin D. McConkey, John B. McKinley, Ronald E. Ace)

FAA/cr-82/57 Northeast Corridor Helicopter Area Navigation Accuracy

Evaluation (Jack D. Edmonds)

FAA/RD-82/63 EMC Analysis of a Prototype Civil-Use GPS Receiver on Four

Aircraft Configurations (Robert L. Mullen)

FAA/RD-82/71 Global Positioning System En Route/Terminal

FAA/Cl-82/64 Exploratory Test (Jerome T. Connor. Robert J. Esposito.

Philip Lizzi)

FAA/RD-82/78 LORAN-C Nonprecision Approaches in the Northeast

FAA/Cr-82/7b Corridor (Frank Lorqe)

FAA/Cr-82/103 Flight Test Route Structure Statistics of Helicopter

GPS Navigation with the Maqnavox Z-Set (Robert D. Till)

FAA/Cr-82/120 All Weather Heliport (Paul H. Jones)

FAA/CT-TN83/03 Helicopter Global Positioning System Naviqation with

the Maqnavox Z-Set (Robert D. Till)
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FAA/PM-8314 Alaska LORAN-C F1 iqht Test Evalujr ton ( -L "v 1). Kind,

Edwin 1). McConkey)

FAA/Cel-83/6 General Aviation Safety Research I
(Robert J. Ontiveros)

FAA/L2T-83/7 Engineering and Development Proqiam Plan, Airciatt lcirQ

FAA/CTr-83/21 A New Data Base of Supercoole( Cloud Variables for
NRL Report 8738 Altitudes up to 10,000 Feet AGL and the Implications

for Low Altitude Aircraft Icing (Richard K. Jeck)

FAA/CT-83/22 A New Characterization of Supercooled Clouds Below

10,000 Feet AGL (Charles 0. Masters)

FAA/PM-83-32 Conus LORAN-C Error Budget: Flight Test

(Larry D. King, Kristen J. Venezia, Edwin D. McConkey)

FAA/CT-83/40 Survey of Characteristics of Near Mid-Air Collisions
Involving Helicopters (Barry R. Billmann)

FAA/CTI-TN83/50 Altitude Aided GPS (George Paolacci)
and Addendum 1

FAA/CT-TN84/16 Helicopter MLS (Collocated) Fliqnt Test Plan to
Determine Optimum Course Width (James H. Enias)

FAA/CT-TN84/20 Helicopter MLS Collocated Flight Test for TERPS Data
(James H. Enias, Paul Maenza, Donald P. Pate)

FAA/PM-84/22 Heliport Snow and Ice Control. Methods and

Guidelines (John B. McKinley, Robert B. Newman)

FAA/PM-84/23 Structural Design Guidelines for Heliports
(Charles W. Schwartz, Matthew W. Witczak, Rita b. Leahy)

FAA/PM-84/25 Evaluating Wind Flow Around Buildings on Heliport
Placement (John B. McKinley)

FAA/PM-84/31 Very Short Range Statistical Forecasting of Automated

Weather Observations (Robert G. Miller)

FAA/Cr-TN84/34 Helicopter IFR Lighting and Marking Preliminary Test

Results (Paul H. Jones)

FAA/CT-TN84/40 Heliox)rt MLS Siting Evaluation (Scott B. Shollenberqer)

FAA/CT-TN84/47 Global Positioning System Performance During FAA
Helicopter 'Pests on Rotor Effects (Jerome T. Connor,
George Paolacci)

PM-85-2-LR Heliport Design Guidie, Workshop Report
Volume : Executive Summary
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FAA/C.'-TN85/5 Gulf of Mexico Helicopter Loran C Stability Study
(koseann M. Weiss)

FAA/ 4-85/6 Helicopter User Survey: TCAS (Frank R. Taylor)

FAA/PM-85/7 MLS for Heliport Operators, Owners, and Users

(Kristen J. Venezia, Edwin D. McConkey)

FAA/P 1-85/8 VHF-AM Communications Equipment, Selection and

Installation Practices for Helicopters
(Eric H. Bolz, Larry D. Kinq)

FAA/CT-85/ll Analysis of Rotorcraft Crash Dynamics for Development
of Improved Crashworthiness Desiqn Criteria
(Joseph W. Coltman, Akif 0. Bolukbasi, David H. Laananen)

FAA/CT-TN85/15 Course Width Determination for Collocated MLS at Heliports

(James H. Enias)

FAA/CT-TN85/17 Nonprecision Approaches in the Northeast Corridor Using
Second Generation Loran Receivers (Barry Billmann,

John G. Morrow. Christopher Wolf)

FAA/CT-TN85/23 Test Plan for Sitinq, Installation, and Operational
Suitability of the AWOS at Heliports (Rene A. Matos)

FAA/CT-TN85/24 Helicopter Terminal Instrument Approach Procedures

(VOR/ILS) (Christopher Wolf)

FAA/CT-85/26 Summary of Artificial and Natural Icing Tests Conducted on

U.S. Army Aircraft from 1974 to 1985 (Harry W. Chambers,

John Y. Adams)

FAA/PM-85/30 Pilot Evaluation of TCAS in the Long Ranqer Helicopter

(John W. Andrews)

FAA/CT-TN85/49 Test Plan for Rotorcraft Traffic Alert and Collision

Avoidance System (TCAS) (Albert J. Rehmann)

FAA/CT-TN85/53 Validation of MLS Siting Critetia for MLS Steep Angle

Approaches to a Heliport (Scott Shollenberqer)

FAA/CT-TN85/55 Pilot Inflight Evaluation of MLS Procedures at Heliports

(James H. Enias)

FAA/CT-TN85/58 Technical Support of the Wall Street/Batterv Park City

Heliport MIS Pfolect (Barry R. Billmann. Michael M. Webb.

James H. Enias)

FAA/CT-TN85/60 Rotorcratt TCAS Evaluation, Group 1 Results

(Albert J. Rehmann)

FAA/CI'-TN85/b3 Computed Centerline MLS Approach Demonstration at

Washinqton National Airport (James H. Remer)
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FAA/CT-TN85/64 Heliport MLs Critical Area Fliqht Tests (Robert S. Jeter)

FAA/Ci-TN85/83 Rotorrratt TCAS Evaluation Bench Test R'port

(Arthur W. Cushman, Albert J. Hehmann, John Warren)

NAE-AN-26 A PreLiminary Investigation of llandling Qualitie

NRC No. 24173 Requirements for Helicopter Instrument Flight Dur irv.

Decelerating Approach Manoeuvres and Overshoot

(Stan Kereliuk, J. Murray Morgan) February 1985

FAA/PM-86/10 Very Short Range Statistical Forecasting of

Automated Weather Observations (Robert G. Miller)

FAA/Cr-TN86/14 Heliport MLS Flight Inspection Project

(Scott Shol].enberqer, Barry R. Billmann)

FAA/PM-86/14 Technical Requirements for Benchmark Simulator-Based

NASA CR-177407 Terminal Instrument Procedures (TERPS) Evaluation
(Anil V. Phatak. John A. Sorensen)

FAA/PM-86/15 Evaluation of the Usefulness of Various Simulation
NASA CR-177408 Technology Options for Terminal Instrument Procedures

(TERPS) Enharrements (Anil V. Phatak. John A. Sorensen)

FAA/CT-TN86/17 LORAN Offshore Flight Following Project Plan
(Jean Evans. Frank Lorqe)

FAA/CT-TN86/22 Heliport Electroluminescent (E-L) Lighting System,
Preliminary Evaluation (Paul H. Jones)

FAA/PM-86/25 Aircraft Avionics Suitable for Advanced Approach
Applications (Stanley Kowalski, Thomas H. Croswell)
Volume I: Aircraft Fleet Equipage

FAA/PM-86/28 Investigation of Hazards of Helicopter Operations and Root
Cases of Helicopter Accidents (Franklin R. Taylor.
Rich J. Adams)

FAA/PM-86/30 The Siting. Installation, and Operational Suitability of
FAA/CT-86-9 the Automated Weather Observing System (AWOS) at Heliports

(Rene* A. Matos, John R. Sackett, Philip Shuster,
Rosanne M. Weiss)

FAA/c£-TN86/31 Evaluation of Sikorsky S-76A, 24 Missed Approach Profiles
Following Precision MLS Approaches to a Helipad at 40 KIAS
(Michael M. Webb)

FAA/PM-86/45 Aeronautical Decision Making for Helicopter Pilots
(Richard J. Adams, Jack L. Thompson)

FAA/AVN-200/25 Helicopter Microwave Landing System (MLS) Flight Test
(Charles Hale, Paul Maenza) June 1986
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APPENDIX B: SUBJECT INDEX

ACCIDENTS

FAA/CT-83/40 FAA/CI-85/11

ADVANCING BLADE CONCEPT HELICOPTER

FAA-RD-78-150

AIR TRAFFIC CONTROL

RD-64-4 RD-64-55 NA-68-21

FAA-RD-73-47 FAA-RD-78-101 FAA-RD-78-150

FAA-RD-79-123 FAA-RD-80- 59 FAA-RD-80-80

FAA-RD-80-85 FAA-RD-80-86 FAA-RD-80-87

FAA-RD-80-88 FAA-RD-81-55 FAA-RD-.81-59

FAA/CT-TN 86/17

AIRBORNE RADAR APPROACHES

FAA-RD-78-101 FAA-RD-78-150 FAA-RD-79-99

FAA-RD-80-18 FAA-RD-80-22 FAA-RD-80-59

FAA-RD-80-60 FAA-RD-80-85 FAA-RD-80-88,II

FAA/RD-82/6 FAA/RD-82/40

AIRWORTHINESS

FAA-RD-78-157 FAA/CT-85/26

AREA NAVIGATION (RNAV) (See also GPS, LORAN-C, and MLS RNAV)

FAA-RD-71-96 FAA-RD-76-146 FAA-RD-78-150

FAA-RD-80-17 FAA-RD-80-64 FAA-RD-80-80

FAA-RD-80-85 FAA-CT-80- 175 FAA-RD-81-59

FAA/RD-82/6 FAA/RD-82/7 FAA/CT-82/57

FAA/PM-86/25, 1

AUTOMATED WEATHER OBSERVING SYSTEM (AWOS)

FAA/RD-81/40 FAA/CT-TN/85/23 FAA/PM-86, 30

AVIONICS EQUIPPAGE

FAA/PM-86/25, I
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AWOS GEM

FAA/P[4-84/31 FAA/PM-86/10

AUTOMATIC DEPENDENT SURVEILLANCE (See LOFF)

AUTOMATIC DIRECTION FINDER (See Nondirectional Beacon)

AU TOROTATION

NA-67-1 FAA/Pm-86/28

AVIONICS, AIRBORNE RADAR APPROACHES

FAA-RD- 79-99 FAA-RD-80-18 FAA-RD-80-22
FAA-RD-80-60

AVIONICS, COMMUNICATIONS

FAAIPM-8 5/8

AVIONICS, GPS (See also GPS)

FAA/RD-82/8 FAA/RD--82/9 FAA/RD-82/63

FAA/RD-82/71 FAA/CT-82/103 FAA/CT-TN83/03
FAA/CT-TN83/50 FAA/CT-84/47

AVIONICS, LORAN-C (See also LORAN-C and LOFF)

FAA-RD-70-1 0 FAA- RD-80-88 FAA-CT-80-175

FAA-RD-81-27 FAA/RD-82/7 FAA/RD-82/16

FAA/RD-82/78 FAA/CT-TN85/17

AVIONICS, MLS

FAA/RD-82/40 FAA/CT-TN85/63

AVIONICS. TCAS (See TCAS)

CHARTING

FAA-RD- 78-150

COLLISION AVOIDANCE SYSTEM (See also TCAS)

FAA-RD-80-88, I FAA-RD-81-59

COST/BENEF ITS

FAA/RD-82/40 FAA/RD- 82/6 FAA/PM-84/22
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CRASHWORThiINESS

FAA-RD-78-1i01 FAA/C- 85/11

DECELERATING APPROACHES (See Low Speed Approaches and M.S)

DEPENDENT SURVEILLANCE (See also WOFF)

FAA-RD-80-85

DISTANCE MEASURING EQUIPMENT (DME)

FAA-RD-71-96 FAA-RD-76-146 FAA-RD-80-17

FAA/RD- 82/6 FAA/RD- 82/63 FAA/RD -82/78

FAA/P-86/14 FAA/PM- 86/15 FAA/P-86/25. I

DOPPLER NAVIGATION

FAA-RD-76-146

FLIGHT CONTROLS

FAA-RD-78-157 FAA-RD-79-64 FAA-RD-80-64

FAA/P-86/14 FAA/PM-86/15 NAE-AN-26 (1985)

FLIGHT DIRECTORS

FAA-RD--78-157 FAA-RD-81-7-LR FAA/PM-86/25, I

FLIGHT DISPLAYS

FAA-RD-78-157 FAA/PM-85/30

FLIGHT INSPECTION

FAA/CT-86/14 FAA/Pm-85/7

GENERALIZED EQUIVALENT MARKOV (GEM) (See Weather Forecasts,

and AWOS GEM)

GLOBAL POSITIONING SYSTEM (GPS)

FAA-RD- 76-146 FAA-RD-78-101 FAA-RD-78-150

FAA-RD-80-85 FAA/RD-82/6 FAA/RD-82/8

FAA/RD-82/9 FAA/RD-82/63 FAA/RD -82/71

FAA/RD- 82/103 FAA/CT-TN83/03 FAA/CT-TN83/50
FAA/CT-TN84/47 FAA/PM-86/14 FAA/PM-86/15

GULF OF MEXICO (See also LOFF and Offshore Operations)

FAA-RD-80-47 FAA-RD-80-85 FAA-RD-80 -87

FAA-RD-80-88 FAA/RD-81/40 FAA-RD-81-59

FAA/RD-82/7 FAA/CT-TN85/5
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HANDLING QUALIT [ES

FAA-RD- 78-157 FAA-RD--79-59 FAA-D 79-64

FAA-RD-80-58 FAA-RD-80-64 FAA/CT-83/6

NAE-AN-26 (1985)

HEIGHT-VELOCITY DIAGRAM

NA- b7-1 FAA-RD -80-88, II FAA/PM-86/28

HELICOPTER NOISE (See Noise)

HELIPORT DESIGN (See also Heliport Lightinq, MLS Sitinq, and AWOS)

FAA-RD-78-101 FAA-RD-80-107 FAA-RD-81-35

FAA/CT-82/120 FAA/PM-84/22 FAA/P14-84/23

FAA/PM-84/25 FAA/Ci-TN84/31 PM-85-2-LR

PM-85-3-LR PM-85-4-LR FAA/PM-85/7

HELIPORT LIGHTING/MARKING

NA-69-2 FAA-RD-71-105 FAA-RD-72-133

FAA-RD-78-101 NA-80-34-LR FAA-RD-80-59

FAA/CT-82/120 FAA/CT-TN84/34 FAA/CT-TN86/22

HELICOPTER OPERATIONS STATISTICS

FAA/CT-83/40 FAA/PM-85/6 FAA/CT-85/11
FAA/PM-8 6/28

HELI COPTER PERFORMANCE

FAA-RD-80-107 FAA/RD-81/35

HELIPORT PLANNING

FAA-RD-80-1 07 FAA/RD-8 1/35 FAA/PM-84/22

FAA/PM- 84/25

HELIPORT SNOW AND iCE CONTROL

FAA/PM-84/22

HIGH FREQUENCY COMMUNICATION

FAA-RD-78-150

HOLDING PATTERNS

FAA-RD-78- 150 FAA-RD-80-59 FAA- RD -80-8O

FAA-RD-80-86 FAA-RD-80-88

14
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HUMAN FACTORS (See also Fliqht Controls, Fliqht Displays, and TCAS)

FAA-RD-8 1-59 FAA/CT- 83/6 FAA/CT-8 3/40

FAA/PM-86/28 FAA/PM-86/45

ICING (See also Weather)

FAA-D-78-101 FAA-RD-80-24 FAA-CT-8b0-210

FAA/CT-81/35 FAA/CT-83/7 FAA/c(r-83/21

FAA/CT-83/22 FAA/PM-84/22 FAA/CT-85/26

INERTIAL NAVIGATION SYSTEM

FAA-R--76-146 FAA-RD-80-85 FAA/RD-82/7

FAA/RD-82/24

INSTRUMENT LANDING SYSTEM (ILS)

FAA/RD-82/6 FAA/CT-TN85/24 FAA/PM-86/14

FAA/Pt4-86/15 FAA/P-86/25, I

LIGHTING (See Heliport Lightinq)

LDRAN-C (See also LOFF)

FAA-RD-70-10 FAA-RD-76-146 NA-78-55-LR

FAA-RD-78-101 FAA-RD-78-150 FAA-RD-80-20

FAA-RD-80-47 FAA-RD-80-85 FAA-RD-80-87

FAA-RD-80-88 FAA-CT-80-175 FAA-RD-81-27

FAA-RD- 81-59 FAA/RD-8 2/6 FAA/RD- 82/7

FAA/RD-82/16 FAA/RD-82/24 FAA/RD-82/57

FAA/RD-82/78 FAA/PM-83/4 FAA/PM-83/32

FAA/CT-TN8 5/5 PAA/CT-TN85/17 FAA/PM-86/14

FAA/PM-86/15

LORAN-C VERTICAL NAVIGATION (VNAV)

FAA/RD-82/16

LORAN FLIGHT FOLLOWING (UOFF)

FAA-D-80-85 FAA-RD -80-87 FAA-RD-80-88

FAA-kD-81-55 FAA-RD-81-59 FAA/CT-TN86/17

LOW-ALTI'iU.DE COMMUNICATIONS (See also Northeast Corridor)

FAA-RD-78-101 FAA-RD-78-150 FAA-RD-79-123

FAA-RD-80-20 FAA-RD-80-80 FAA-RD-80-87

FAA-RD- 81-9 FAA/RD- 81/40 FAA-RD- 81-59

PM-85-2 LR FAA/PM-85/8
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Ii)W-ALT1 Tt1OE NAVI;A'rI ON (6ve aj 1;o WRAN-C, Nor theuhit Ci ~i 1,1m

and GPb)

kAA-RU- / 1-96~ FAA- u- 70- 14 6 NA-78-Y- l.K
FAA-Rb- 18- LUI FhA-HD-78-150 FAA - CT- 8 0- 16
FA.A-RD-80-20 FAA-Rb- 80-80 FAA-RD-80- 8i
FAA-RD-81-59 FAA/PM-83/32

LUW-ALTI1 JDE SURVEiLLANCE (See als3o LOP?)

FAA-RD-7 8- 150 FAA-RD-80*-20 FAA-RD--bO-80
FAA-RD-80--87 FAA-RD-81-59

LOW SPEED APPROACHES

NA-68-11 FAA-RD -80-58 NAE-AN-26 (1985)
FAA/PM-86/14 FAA/Pm-86/15 FAA/CT-TN86/31
N4AE-AN-26 (1985)

mLS FLIGHT INSPECTION (See Fliqht Inspection)

MICROWAVE LANDING SYSTEM (MLS), GENERAL (See also DME)

FAA-RD-78-101 FAA/RD-82/6 FAA/RD-82/40
FAA/CT-TN84/16 FAA/CT-TN84/20 FAA/CT-TN84/40

vFAA/Pm-85/7 FAA/CT-TN85/15 FAA/CT-TN85/53
FAA/CT-TN 85/55 FAA/CT-TN 85/58 FAA/CT-TN8 5/63
FAA/CT-TN85/64 FAA/CT-86/14 FAA/P14-86/14
FAA/PM-86/15 FAA/AVN-200/25 (1986)

MLS RNAV

FAA-RD-80- 59 FAA/RD -82/40 FAA/PM-85/7
FAA/CT-TN85/63 FAA/PM-8b/25, I

MLS SITING

FAA/C'r-TN84/40 FAA/CT-TN8!S/53 FAA/u'2-85/58
FAA/CT-TN 85/64

MLS TERPS (See also TERPS)

FAA-RD-80-59 FAA-RD-81-167 FAA/Cf-TN84/16
*FAA/CT-TN84/20 FAA/CT-TN85/ 53 FAA/CT-TN85/55

FAA/C:T-TN86/31 FAA/AVN-200-25 (1986)

MILITARY TRAINING ROUTES

P'AA-RD-8O-88, I

NAVIGATION SATELLITE TIMING AND RANGING (NAVsVIAk<) (see GPS)

NEAR MID-AIR COLLISIONS (See also TCAS)

a,*FAA-RD-80--88.1 FAA/CT-83/40 FAA/PM-8b/6
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NOISE

FAA-IW - 73-145 FAA-RD-75-79 FAA-RD- 75- 12',
FAA-RD-75-190 FAA-RD-76-1 FAA-RD- 76-49
FAA-RD- 76-116 FAA-RD-77-57 FAA-RD-77-94
FAA-RD-78-101

Note: Durinq the late 1970's, responsibility for issues

reqardinq helicopter noise was transfered to the FAA Office of
Environment and Enerqy (AEE). The reports listed in this
bibLiography are limited to those in which the research,
enqineerinq, and development elements (i.e., the ADL complex)
of the FAA have been involved as sponsors, participants, or
authors. Since AEE is outside the ADL complex, the reports
they have published on helicopter noise are not listed herein.

NONDIRECTIONAL BEACON

FAA-RD -76-146 FAA-RD-78-101 FAA-RD-78-150

FAA-RD-80-85 FAA/RD-82/6 FAA/PM-86/25, I

NONPRECISION APPROACHES (See also Airoorne Radar Approaches)

NA-80-34-LR FAA-CI'-80-175 FAA-RD-81-27
FAA/RD-8 2/8 FAA/RD-82/9 FAA/RD-82/16

FAA/RD-82/71 FAA/RD-82/78 FAA/CT-82/103

FAA/C r-TN83/03 FAA/CT-TN84/34 FAA/CT-TN85/17

IAA/PM-86/25, I

NORTHEAST CORRIDOR

FAA-<--70-i0 FAA-RD-80-17 NA-80-34-LH

FAA-RD-d0-59 FAA-RD-80-80 FAA-CT-80-±75

FAA-RD- 81-59 FAA/CT-82/57 FAA/RD-82/78

FAA/CT-TN 85/17

OBSTRUCTION AVOIDANCE (See also AirOorne Radar Approaches and

TERPS)

FAA-RD 81-59 FAA-RD -80-107 FAA/PM-86/28

OFFSHORE OPERATIONS (See also Gulf of Mexico and Airborne Radar

Approaches)

FAA-RD-76-123 FAA-RD-76-146 NA-78-55-LR

FAA-RD-79-123 FAA-RD-80-20 NA-80-34-LR

FAA-RD-80-87 FAA-RD-80-107 FAA-RD-81-27

FAA-RD-8L-55 FAA/RD-82/6 FAA/PM-83/4

OMEGA

NA-78-55-LR FAA-RD-78-101 FAA-RD-78-150
FAA-RD-80-85 FAA-RD-80-88,II FAA/RD-82/6
FAA/PM-86/14 FAA/P-86/15
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PRECISION APPROACH RADAR (PAR)

FAA-RD- 80-107

RNAV (See Area Naviqation)

ROTOR tiLADE CONTAINMENT

FAA-RD-77-100

SAFETY (While this topic is addressed in most of the documents in
this bibliography, the following documents are of

particular interest.)

FAA/CT-83/6 PM-85-2-LR PM-85-3-LR
PM-85-4-LR FAA/PM-85/6 FAA/PM-86/28
FAA/PM-86/45

SIMULATION

NA-68-21 FAA-RD-79-59 FAA-RD-80- 64

FAA-RD-80-86 FAA-RD-80-86 FAA-RD-80-88

FAA-RD-81-59 FAA/CT-85/11 FAA/PM-86/14
FAA/PM-86/15

TACAN

FAA-RD-76-146 FAA-RD-78-101 FAA-RD-80-88, II

FAA/RD-82/6 FAA/RD-82/63

TERMINAL INSTRUMENT PROCEDURES (TERPS)

FAA-RD-78-150 FAA-RD-80-17 FAA-RD-80-58

FAA-RD--80- 59 FAA-RD-80-80 FAA-RD-80-107

FAA-CT-81-167 FAA/CT-TN84/16 FAA/CT-TN84/20

FAA/CT-TN85/15 FAA/CT-TN85/24 FAA/CT-TN85/53

FAA/CT-TN85/55 FAA/PM-86/14 FAA/PM-86/15
FAA/AVN-200-25 (1986)

TILT ROTOR

FAA-RD-78-150

TRAFFIC ALERT AND COLLISION AVOIDANCE SYSTEM (TCAS)

FAA/RD-82/63 FAA/CT-83/40 FAA/PM-85/6

FAA/PM-85/30 FAA/CT-TN85/49 FAA/CT-TN85/60

FAA/CT-TN 85/83

TRAINING

FAA-RD 78-150 FAA-RD-80-88 FAA-RD-81-59

FAA/CT-83/6 FAA/CT-TN85/55 FAA/PM-86/28
FAA/PM-86/45 FAA/AVN- 200/25 (1986)
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VERY LIGHT WEIGHT AIR TRAFFIC MANAGEMENT EQUIPMENT (VLATME)

FAA-RD-80-87

VOR

FAA-RD- 71-96 FAA-RD-76-146 FAA-RD- 78-101
FAA-RD-78-150 FAA-RD-80-17 NA-80-34-LR
FAA-RD- 80-64 FAA-RD-80-85 FAA/RD-82/6
FAA/RD-82/78 FAA/CT-TN85/24 FAA/PM-86/14
FAA/PM-86/15 FAA/PM-86/25, I

WAKE VORTEXES

RD-64-4 RD-64-55 FAA-RD-74-48
FAA-RD-78-143 FAA-RD-80-87 FAA-RD-80-88, II

WEATHER (See also Icinq)

RD-64-4 FAA-RD-75-94 FAA-RD-78-101
FAA-RD-79-59 FAA-RD-79-64 FAA/RD-81/92
FAA/CT-83/6 FAA/PM-84/22 FAA/PM-84/25

WEATHER FORECASTS

FAA/RD-81/40 FAA-RD-81-92 FAA/PM-84/31
FAA/Pm-86/10

WEATHER OBSERVATIONS

FAA/RD-81/40 FAA/CT-TN85/23

WIND SHEAR

FAA-RD-79-59

WORKLOAD

FAA-RD-78-157 FAA-RD-79-64 FAA-RD-79-99
FAA-RD-80-58 FAA-RD-81-59 FAA/CT-TN85/15
FAA/CT-TN85/55 FAA/CT-TN85/58 NAE-AN-26 (1985)
FAA/CT-TN86/31 FAA/AVN-200/25 (1986)

"'1
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*APPENDIX C: AUTHOR INDEX

ACE, RONALD E. (Systems Control Technoloqy)

FAA/D-82/6 FAA/RD-82/40

ADAMS, RICHARD J. (Systems Control Inc. (Vt), Systems Control
Technoloq y)

FAA-RD-79-99 FAA-CT-81-35 FAA/PM-85/6
FAA/Pt4-86/28 FAA/PM-86/45

ADAMS, JOHN Y. (FAA Technical Center)

FAA/CT-85/26

ANDREWS, JOHN W. (Lincoln Laboratory)

FAA/PM-85/30

BAUSCH, W. (Hamilton Standard, a Division of UTC)

*FAA-RD-75-79

*BENNETT, W.J. (Boeing Airplane Division)

RD-64-55

BILLMANN, BARRY R. (FAA Technical Center)

FAA/CT-83/40 FAA/CT-TN85/17 FAA/CT-TN85/58
FAA/CT-86/14

BLAKNEY, DENNIS F. (Lockheed-Georqia)

FAA-RD-73-145 FAA-RD-75-125

BOLUKBASI, AKIF 0. (Simula Inc.)

FAA/C- 8 5/11

, BOLZ, ERIC H. (Systems Control Technology)

FAA/RD-82/16 FAA/PM-85/8

BURNHAM, DAVID C. (Transportation System Center)

FAA-RD-78-143
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CHAMBEKS, HAiR(Y W. (FAA Tecnnical Center)

FAA/C- 85/ 26

CLEMENT, WAHEN F. (Systems Technology)

FAA-R-79-59

COLTMAN, JOSEPH W. (Simula Inc.)

FAA/C.--85/11

CONNOk(, JEROME T. (FAA Technical Center)

FAA/RD-82/71 FAA/CT-TN83/50 FAA/CT-TN84/47

CONWAY, ROBERT C. (FAA, NAFEC)

NA-68-21

COYLE, JAMES J. (FAA, NAFEC)

FAA-RD-79-123

CRObWELL, THOMAS H. (RJO Enterprises)

FAA/P?4-86/25

CUSHMAN, ARTHUR W. (FAA Technical Center)

FAA/CT-TN 8 5/83

DADONE, L.U. (Boeing Vertol)

FAA-CT-80-210

DeLUCIEN, ALBERT G. (PACER Systems Inc.)

FAA-RD-78-157 FAA-RD-79-64 FAA-RD-80-58

FAA-RD-80-107 FAA/RD-81/35

DEVORE. GILBERT (FAA, NAFEC)

NA-67-1

INERMAN, BERNHART V. (FAA, NAFEC)

'FAA-RD-71-96

EDMONDS, JACK D. (FAA Technical Center)

FAA/CT-82/57
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ENIAS, JAMES H. (FAA TechnicaL Center)

rAA/CI'-TN84/16 FAA/r-TN84/20 FAA/Cr-TN85/15

FAA/C-TN 85/55 FAA/(C-TN85/58

ERIKSSON, R.H. (Pratt & Whitney)

FAA-RD-77-1l00

ESPOSITO. ROBERT J. (FAA Technical Center)

FAA/RD-82/8 FAA/RD-82/9 FAA/RD-82/71

EVANS, JEAN (FAA Technical Center)

FAAiCT-TN 86/17

FORREST, R.D. (NASA Ames Research Center)

FAA-RD-80-64

FREUND. D. JAMES (VITRO)

FAA-RD-80-85 FAA-RD - 80-86 FAA-RD-80-87

FAA-RD-80-88 FAA-RD-81-59

GERDES, R.M. (NASA Ames Research Center)

FAA-RD-80-b4

GIBSON, JOHN S. (Lockheed-Georqia)

FAA-RD-73-145 FAA-RD-75-125

GILBERT, GLEN A. (Helicopter Association of America, Helicopter

Association International)

FAA-RD-80-80 FAA-RD-81-55

GREEN, DAVID L. (PACER Systems Inc.)

FAA-RD-78-157 FAA-RD-79-64 FAA-RD-80-58

GUINN, WILEY A. (Lockheed-Georqia)

FAA-RD-73-145

HALE, ChARLES (FAA, Oklahoma City)

FAA/AVN-200/25 (1986)

HALlUCK. JAME6 (Transportation System Center)

FAA-RD-78-143
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HANLEY, WILLIAM J. (FAA, NAFEC)

NA- b7-1

HARRIGAN, JOSEPH (FAA, NAPEC)

FAA-RD-80-1l7

HEEMANN, K.F. (Pratt & Whitney)

PAA-RD-77-100

HIGGINS, THOMAS H. (FAA, Washinqton)

FAA-RD-76-1

HILSENROD, ARTHUR (FAA, Washington)

FAA/RD-81/40

JECK, RICHARD K. (Naval Research Laboratory)

FAA-RD-80-24 FAA/CT-83/21

-1 JETER, ROBERT S. (FAA Technical Center)

FAA/CT-TN 85/64

JEWELL, WAYNE F. (Systems Technology)

FAA-RD-79-59

JONES, PAUL H. (FAA Technical Center)

FAA/CT-82/120 FAA/CT -TN84/34 FAA/CT-TN8 6/22

JORDAN, STEVEN W. (PACER Systems Inc.)

FAA-RD-79-64

KERELIUK. STAN (National Aeronautical Establishment)

EAE-AN-26 (1985)

KING, LARRY D. (Systems Control Inc. (Vt), Systems Control

Tecnnoloqy)

FAA-RD- 79-99 FAA-RD-80- 60 FAA/RD-82/16
FAA/PM-83/4 FAA-RD-83-32 FAA/P1--85/8

KING, R.J. (Hamilton Standard, a division of UTC)

FAA-RD-75-79
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KOWAbSKi, STANLEY (R,1O Interprises)

FAA/Pt4-86/25

LAANANEN, LAVID H. (Simula Inc.)

FAA/C-85/11

LEAHY, RITA B. (Univ. of Maryland)

FAA/PM-84/23

LEbACQZ, J. VICTOR (NASA Ames Research Center)

FAA-RD-80-64

LETTY, RICHARD M. (FAA, Washington)

PAA-RD-77-57

LIZZI, PHILIP (FAA Technical Center)

FAA/RD-82/71

LORGE, FRANK (FAA, NAFEC)

FAA-CT-80-175 FAA/RD-82/24 FAA/RD-82/78
FAA/CT-TN86/17

LYNN. WILLIAM A. (FAA Technical Center)

FAA-RD-81-27

MAENZA, PAUL (FAA. Oklahoma City)

FAA/CII-TN84/20 FAA/AVN-200/25

MACKIN, CLIFF (FAA, NAFEC)

FAA-RD-80-22

MAGENHEIM. a. (AMAF Industries)

FAA-RD-81-9

MAGLIOzZI, S. (Hamilton Standard, a division of UTC)

FAA-RD-75-79 FAA-RD-76-49

MASTERS, CHARLES 0. (FAA Technical Center)

FAA/CT- 83/,42
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MATOS kENE* A. (FAA TechinLca L Center)

FAM/CT-TN85/23 VAA/PNt-86/30

MAURER, JOHN (FAA, NAFEC)

FMA-RD- 73-47

mcCLUCE, K.R. (Pratt & Whitney)

FAA-RD-77-100

McCONKEY, EDWIN D. (Systems Control Technology)

FAA-RD.-81-92 FAA/RD-82/6 FAA/RD-d2/40
FAA/PM-83/4 FAA/PM-83/32 FAA/FM-85/7

MCKINLEY, JOHN S. (Systems Control Technology)

FMA/RD -82/40 FAA/PM-84/22 FAM/Px-84/25

McVICKER, J.P. (FAA, Waehinqton)

FMA-RD- 81- 7-LR

McWILLIAMS, IAN (Transportation System Center)

FAA-RD-78-14 3

METZGER, F.B. (Hamilton Standard. a division of UTfC)

FAA-RD-75-79

MILLER, DR. ROBERT G. (National Weather Service)

FAA/Pm-84/31 FAA/PM- 86/ 10

MORGAN, J. MURRAY (National Aeronautical Establishment)

NAE-AN-26 (1985)

MORkOW. JOHN G. (FAA Technical Center)

p 4 FAA/RD-82/7 FAA/CT-TN85/17

MULLEN, ROBERT L. (Electromagnetic Compatibility Analysis Center)

FAA/RD-82/63

NEWMAN. ff)8EXT S. (Systems Control Technology)

FAA/PM-84/22
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OI*fRZEN, PAUL L. (FAA. NAFEC)

PAA-kD-73-47

ONTIVEROS, ROBERT J. (FAA Technical Center)

FAA/CT-83/6

PAOLACCI. GEORGE (FAA Technical Center)

PAA/CT-TN84/47

PATE, DONALD P. (FAA. Oklahoma City)

FAA/CT-TN84/20 FAA/AVN-200/25 (1986)

PAPROCKI, THOMAS H. (FAA Technical Center)

NA-69-2 FAA-RD-72-133

PEREZ, JOSEPH (FAA. NAFEC)

FAA-RD-80-18

PETEgSON, A.A. (Boeing Vertol)

FAA-CT-80-210

PHATAK, ANIL V. (Analytical echnnics Associates)

FAA/P-86/14 FAA/P-86/15

POTT, TOSH (FAA, Washinqton)

FAA-RD-81-7-LR

PRICE, H.R. (PACER Systems Inc.)

FA-RD-80-58

PURSEL. ROBERT H. (FAA Technical Center)

NA-78-55-LR FAA-RD-80-47 FAA-CT-81-167

QUINN, GEORGE H. (FAA, Washington)

FAA-RD-70-10 FAA-RD-76-146

RAMSDELL. J.V. (Battelle, Pacific Northwest Laboratories)

FAA-RD-75-94

REDDY, N.N. (Lockheed-Georqia)

FAA-RD-75-125
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REU4ANN. ALBERT J. (FAA Technical Center)

FMA/C1-TN85/49 FAA/Cr-TN85/60 FAA/CT-Tk185/83

REI4ER. JAMES H. (FAA Technical Center)

FAA/CT-TN85/63

RICKLEY, E.J. (FAA, Washinqton)

FAA-RD- 77-94

ROSSITER, SIDNEY B. (FAA, NAFEC)

FAA-RD- 73-47

SACKE.TT, JOHN R. (FAA Technical Center)

FAA/PM-86/30

SC11OLLENBERGER, SQ3TT a. (FAA Technical Center)

FAA/CT-TN 84/40 FAA/CT-TN 85/53 FAA/CT-8 6/14

SCIILICKENHAIER. HERBERT W. (FAA, Washington)

FAA-RD-81-7-LR

* SCHWARTZ, CHARLES W. tUniv. of maryland)

* 4 FAA/PM-84/23

SHRAGER, JACK J. (FAA, NAFEC)
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APPENDIX D: ACRONYMS

ABC Advancing blade concept

ADF Automatic direction finder

AM Amplitude modulated

AMA Analytical Mechanics Associates

ARINC Aeronautical Radio Inc.

ATC Air traffic control

AWD Automated weather observing system

ANOS GEM AMOS generalized equivalent markov

E-L Electroluminescent

EMS Emergency medical service

FAA Federal Aviation Administration

FAATC FAA Technical Center

FLIR Forward looking infared radar

GEM Generalized equivalent markov

GPS Global positioning system

HAA Helicopter Association of America

HAI Helicopter Association International

HF Hiqh frequency

IFR Instrument flight rules

ILS Instrument landing system

IS Inertial navigation system

WFF Loran flight following

MLS Microwave landing system
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NAE National Aeronautical EstabLishment

NAFEC National Aviation Facilities Experimental

Center

NASA National Aeronautics and Space

Administration

NAVSTAR Navigation satellite timing and ranqinq

NRL Naval Research Laboratory

PAR Precision approach radar

RNAV Area navigation

SCT Systems Control Technoloqy

STOL Short takeoff and landinq

'TCAS Traffic alert and collision avoidance
system

TERPS Terminal instrument procedures

VFR Visual fliqht rules

VLATME Very light weight air traffic management

equipment

VNAV Vertical navigation

VOR Very hiqh frequency omnidirectional radio
ranqe

VTOL Vertical takeoff and landing
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of the operation within the confines of limited airspace. A steep glide slope, pre-!
planned pilot-performed flight tracks, and the limiting of the number of STOL routes,
into the terminal area are aids to an efficient STOL operation.
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is. S-."Ieff,.0ory Notes

This report summarizes the state-of -the-art in helicopter noise. It includes a bliogephy of report on all oo-
nents of helicopter noise including main rotor, tail rotor, engon and gearbox. Literature on helicopter nolee reduc-
tion and subjective evaluation of helicopter noise were also Iiclded. Capsule surmaries; of importantrepot wre
included which describe the purpose of the report. anmrizes the imtportant resultsa poe the repor with
others on the same subject. and provide a 'itic$ avalUain of fte work presented. It Is concludta the avail-
aWe prediction methodology provides a means for estmating helicope sources on a gross beaks. 1Howeve, the
mechanisms of noise generation are Otil not fully understoo, although the experimental and theomtal tools we
now available to conduct the definitive experiment and estabish the mathemastical m odels needed for accurate
definition of helicopter noise generation mechanisms. Spectrum analyses of hellcops noise show that main rotor,
toil rotor, and engine sources ontribute sgnificantytowannyanc. In cases where these sources heve been heavily
suppressed, gearbox noise will also appear as a significant conoributor to annoyance. Therefore, quieter helicopters
must include suppression of all of these components. For certification, the literature Indicaes that a new noise unit
is required. This unit may use the effective perceived noise leve concept but should Include corrections for Impul-
sive noise, correctly address fth influence of tone throughout the frequency spectrum, extend the spectrum Of
interest to very low frequencies, and correctly address the annoyance of noise comnents below- 50 Hz. For
assessing the community acceptance of helicopter noise, modIfication of the Day-Night Noise Level LDN, shows
promise.

Helicopter Noise Bibliography This document Is available to the public throgh the
Sbjective Response Rotor Noise National Technical lnfornmtion Service, Springfield

~Impulsive Noise Gas Turbine Engine.Noise Virginia 22151.
~Gearbox Noise Annoyance Criterias

V1 Noise Certification Criteria
It . .. i CI . .I 4.. ,.e't 20. sa..'V Cleo,.0. (of *.1 pe0sl No-i. 9 let. 2 P.1.0

Unclassified Unclassified 193A
Form DOT F 1700.7 st

. ~ ~ ~ ~ ~ ~ ) 6v~- - ~ . -



Technical Report Documentation Poge

1. Repor, No 2 Go e.n..et Acce.. o No. 3. Rec.p...,* Catolog No.

FAA-RD-75-94

4. Title aind Srbttle 5. Report DoteJune 1975
Wind and Turbulence Information for Vertical
and Short Take-Off and Landing (V/STOL) 6. Pe.omno 0,o. 0, ...n Code

Operations in Built-Up Urban Areas
- Results of Meteorological Survey - P,.f...ng 0,,goa.on Report No

7 Avtho,'s)

J. V. Ramsdell
9. Pe,fo,m.,g O'ga,&ot,. Name and Addres 10 Work U.,t No (TRAIS)
Battelle, Pacific Northwest Laboratories
Battelle Boulevard 11 Con?,oc, .. or ... Na

Richland, Washington 99352 DOT-FA72-WAI-263
13. Type of Rtpo,t and Perod Coveed

12. Sponso..g Agency Nome nd Addr.s Final Report
Department of Transportation
Federal Aviation Administration
System Research and Development Service 14 Sp n.sorng AgencyCode

Washington, D.C. 20590
15 Supple.e.toy Notes

16 Abstrect

Winds and turbulence have been measured at typical urban STOL and
VTOL port sites and at a conventional rural airport during a 9-month
period. These measurements have been used to develop a set of tur-
bulence models for use in: design of V/STOL aircraft stability and
control features, development of airworthiness criteria for certifi-
cation of V/STOL aircraft, and simulation of the turbulence in the
urban terminal environment of V/STOL aircraft. The model set in-
cludes spectral models, rms gust velocity models and turbulence
length scale models. Probability distributions are given for gust
velocities and length scales. The data obtained during the study
and the models derived therefrom are compared with conventional,
flat-terrain turbulence models and data.

In addition, the report contains a review of atmospheric boundary
layer theory and descriptions of the measurement sites, instrumenta-
tion and data processing. There is a discussion of spatial aspects
of turbulence and an evaluation of the standard airport cup anemometel.

The appendices contain extensive summaries of the data collected.
These summaries include: wind roses, wind and turbulence statistics
for selected periods, turbulence spectra, gust velocity distributions,
and length scale distributions.
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V/STOL aircraft terminal opera- Document is available to the public through
tions, urban winds, turbulence the National Techtical Information Servicej
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lence length scales, turbulence
data, instrumentation

19 t s.. ..y Clas,.f. (of th.' report) 20. Sec,,ty CI,0 ,,.. (of th, p eo) 21. No. of Po;q 2. P.c.

UNCLASSIFIED UNCLASSIFIED 421

iorn DOT F 1700.7 (8-72) Reproduct.n of completed page outhorized



Technical Report Documentation Page-
o.G.. ne Acce..:on N..j 3. Recipie.t~'s Catalog No.

FA-RD-75-125 -A;'6I
4. Title aned Svb9,tlie S. Roer# Date

June 1975
V/STOL Aircraft Noise Prediction (Jet Propulsors) 6~. Perforing ofrn's.,n Code

7. A~a~s)1. Pettlertwine Orgsnissetlese Report N.

14. N. Reddy, D. F. Blakney, J. G. Tibbets, J. S. Gibson LG75ER0054
9. Performin Organisation Home. and Addrsse 10. Work Unit No. (TRAIS)

Lockheed-Georgia Comiiany W1 Cotrc a Grn No.
Marietta, Georgia DOT- FA72WA- 3099

13. Type of Report and Period Coactred
12. Sponsoring Agency Name, and Address Final Report

Department of Transportation June 1974 - June 1975
Federal Aviation Administration
Systems Research and Development Service 14. Sponsoring Agency Cod*
Washington, D. C. 20590

1S. Suppleetaryo'l Notes

This report supersedes the earlier report No. FAA-RD-73-145; August 1973.

16. Abstract

A computer program is presented for predicting the noise levels of V/STOL aircraft
with jet-propulsive-lift systems. Using the equations developed in Part I of this
report the noise levels may also be estim~ated with hand calculations. Vectored
thrust, externally blown flap, upper surface blown flap, internally blown flap,
and augmentor wing are the propulsive-lift concepts considered. Semi-empirical
equations are derived using the tes~t results and theories for the following
aircraft noise sources: Internal engine, jet, excess (core engine), high-lift
System, airframe, and auxiliary power unit. The computer program predicts the
perceived noise levels and tone corrected perceived noise levels for V/ST0L air-
craft at any specified sideline distance for known geometrical and operational
parameters. This report supersedes the earlier report No. FAA-RD-73-1L.5,
August 1973.

Aircraft nose prediction, acoustics, Document is available to thepublic
V/STOL noise, noise control, through the N.T.I.S., Springfield
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16. Abstroct

Although this first phase of a two-phase program emphasized the extent that Per-

ceived Noise Level in PNdB, Perceived Level in dBA, and corrections to these engineer-

ing calculation procedures reflected annoyance to next generation STOL aircraft noise

signatures, other aspects of certification Implementation were also considered and will:
be emphasized In a report on the second phase of the program.

As a means of determining the accuracy and reliability of engineering calculation'
procedures that could be utilized as a basis for noise certification of V/STOL commer-

cial aircraft, 36 persons made annoyance Judgments to 34 noise signals presented at 5
different levels. The signals included recordings of conventional Jet aircraft oper-

ations, turboprop and reciprocating engine powered commercial aircraft, helicopter
flybys, and simulations of V/STOL operations. Both relative annoyance and absolute

acceptability Judgments were obtained. Some of the results are:

0 For flyover (not hover) operations EPNdB validly and reliably predicts annoyance.
- For hover type of operations EPNdB under predicts annoyance.
- When applied to all aircraft types, the FAR-36 tone correction degrades reliability

for both PNdB and dBA while the duration correction improves reliability to a

significant extent.
- A difference between calculated and Judged values should be equal-to-or-greater-
than 3 EPNdB in order to conclude that the difference Is reliable.
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I5. Supplementary ol'es

16. Ab..oc, The relationship between the perceived level, PLdB, of sound (loudness or
noisiness) is shown to be a function of the sound pressure squared and the sound
frequency squared, i.e. PLdB - k p2 f2. A logarithmic formula employing this basic
relationship between perceived level and pressure and frequency has been developed
and is found to be as accurate as the more complex methods currently in use, i.e.
PLdB a 14 + 20 Loglo P AJ$ + 20 Logwo f (Hz) which is equal to the following:
PLdB c P(dB)-60 + 20 Log 10 F (Hz). The perceived level of an aircraft takeoff or
landing is demonstrated to be equal, to the logarithmic sum of the perceived levels

calculated using the above formula, for each octave band or 1/3 octave band, i.e.
PLdB = 10 Logio [antiloglo PLdB1/10 + antilogl0 PLdB2/10 ... .+ antilogl0 PLdBN/10]

The results are found to be more accurate than the complex methods currently
in use for the useful range of sound pressure levels and frequencies found to be
associated with operational aircraft including helicopters, turbofan, turboprop and
turbojet powered aircraft. This work, therefore, provides the systems engineer
an easily understood and useful design and evaluation method. The formula developed
clearly shows the design engineer and management personnel the relationship between
the physical characteristics of an evolving system and its potential impact on
human and community response.
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The propulsion systems of current and future V/STOL vehicle, can be defined to combinations of
free-air prepellers, shrouded pro;)ellers, variable pitch fans, fixed pitch fans, tilt rotors.
helicopter rotors, lift fans, geilrboxes, and drive engines. in this report, noise sources for
each of these propulsiors, gearboxes. and drive engines are identified and rank ordered. The
noise generating mechanisms for each of the propulsor noise sources identified are defined and
systematically catalogued. Three approaches to redt'ction of propulsor noise are discussed:

* changes in ph'~slcal geometry, changes in design operating~ conditions, and the use of acoustic4:treatments. Computerized and graphical procedures based on methodology from the open literature
and at United T6Lhnologie9 Corp., are presented for predicting aerodynamic performance of and
noise from the V/ST OL propulsora identified in this study. mh dvlpdmtodogyals
the user to estimzate the Ichieved noise reduction as well as the incurred performance penalties
of noise reduiction design features and noise attenuation devices such as partly sonic inlets

4. and acoustic trsesrmmnt. It is shown that much of the noise generating mechanism substantiation
date and prediction methodology are based on static operation. Forward flight affects have
recently been recognized as having a sign~ficant affect on the noise sources. Therefore,
for-ward flig'it effect corrections are included In the methodology, but these have not been

.4 fully substanLiated due to lack of data.

Related documents include Volume It - Graphical Prediction Methods atu; Volume III -Computer

Program User's ?lanual.

VaiUl Pltr~h FA' Noise Propeller 0ois0 This document is available to the
Ceod Turtcn Fa,c.is JetrNotes15 public through the National Technical
Uslicopter Sk., Noited Prediction Information Service, Springfield,
Lift ran Noise Vi/8TOL Noise Virginia 22151
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16. Ahosoect

Graphical procedures for estimating noise and performance of free-air propellers, variable pitch
fans with inlet guide vanes, variable pitch fans with outlet guide vanes, fixed pitch fans,
helicopter rotors, tilt rotors, and lift fans are presented. Noise prediction methods for drive
engines, gearboxes, jets with and without bypass flow, as well as noise reduction and performance
losses for partly sonic inlets and duct linings are also presented. 11hese graphical methods are
parallel to those developed for the computer program uioicuased in Volume Ili of this report to
the extent possi le without their beccming too involveF. anid tedious to use.

The procedures are extensive-and applicable to a wide variety of V/STOL propulsor systems,
including present and future V/STOL vehicles. The methods have been validated with available
data wherever possible. However, high quality data for isolated propulsors vhich is free from
contamination by other sources and ground reflections Is somewhat limited, particularly for
forward flight conditions.

Related documents include Volume I - Identification of Sources, Noise Generating Mechanisms,
Noise Reduction Mechanisms, and Prediction Methodology and Volume III - Computer Program User's
manual.

Variable Pitch Fan Noise Propeller Noise This document is available to the
Fixed Pitch Fan Noise Jet Noise public through the National Technical
Gas Turbine Wn~i.e :olse ;erbox Nise Information Service, Springfield,
Helicopter Ncise Noise Prediction
Lift Fan Noise V/STOL Noise Virginia 22151
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16. aboweetc

A computer program is presented which allows a user to mak performance and far-field acoustic
noise predictiona for free-air propellers, variable pitch fans with inlet guide vanes, variable
pitch fans with outlet guide vanes, fixed pitch fans, helicopter rotors, tilt rotors, fixed
pitch lift vanes with rsmote,.ntegral, and tip-turbine drives, and variable pitch lift fans
with remote and integral drises. Noise #rediction mcthodology for drive engines, single stream
and coaxial Jets, and gearboxes are also included, as well as noise reduction and performance
loss*s of partly sonic inlet& and duct acoustic treatment.

A description of the program, detailed instructions for its use, required inputs, and sample
eases are presented.

Related documents include Volume I - Identifieation of Sources, Noise Generating Mechanism.,
Noise Reduction Nchanisms, and Prediction Nthodology and Volume II - Graphical Prediction
Notbods.
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IS. Stipplementory Notes

This is the second part of a program concerning noise certification for V/STOL
and helicopter aircraft. Aspects considered were: an engineering calculation pro-
cedure which validly and reliably reflects annoyance to helicopter operations;
estimates of noise exposure levels which could be compatible with human activities
in areas surrounding heliports; noise exposure modeling for helicopter noise; cer-tification measurement approaches for helicopter noise certification.

The basics of the program involved human response evaluations of conventional
takeoff and landing (CTOL) aircraft noise, simulations of helicopter noise empha-
sizing "slap" or pulsating noise effects, and recordings of a wide variety of
helicopter operations.

The main conclusion is that PNdB with the FAR-36 duration correction reliably
reflects annoyance to helicopter noise. No correction for "slap" or tone is
required. Also, dBAn is almost as effective as PNdB for measuring effects of
helicopter noise (duation effects are included). Eimination of "heavy slap" is
equivalent to a maximum of a 2 to 3 dBA reduction relative to annoyance response.

17. Key Weod, Is. Dieribution Stetement
Helicopter
Certification Document Is available to the public
Aircraft noise through National Technical Information
Annoyance to noise Service. Springfield, Virginia 22151
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16. Abstract
This paper examines the technical potential of ten navigation systems that
may meet specific IFR en route navigation requirements for helicopters
operating in off-shore areas. Technical factors considered essential for
navigation are: (1) operational range, (2) operational altitude,
(3) accuracy, and (4) reliability.
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number of way points, type of display, etc.

Estimated user equipment cost will be included because of its importance in
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16 Abirect

This data report contains the measured noise levels obtained
from an FAA Helicopter Noise Test Program. The purpose of this test
program was to provide a data base for a possible helicopter noise
certification rule. The noise data presented in this two volume
report is primarily intended as a means to disseminate the available
information. Only the measured data is presented in this report. All
FAA/DOT data analysis and comparisons will be presented in a later
report which is scheduled for distribution in July,1977.

The eight helicopters tested during this Helicopter Noise Test
Program constituted a wide range of gross weights and included par-
ticipation from several helicopter manufacturers. The helicopter
models used in this test program were the Hughes 300C, Hughes 500C,
Bell 47-G, Bell 206-L, Bell 212 (UH-lN), Sikorsky S-61 (SH-3A),
Sikorsky S-64 "Skycrane" (CH-54B), and Boeing Vertol "Chinook" CH-47C
Volume I contains the measured noise levels obtained from the first
four helicopters while Volume II contains the data from the remain-
ing four.

The test procedure for each helicopter consisted of obtaining
noise data during hover, level flyover, and approach conditions. Thej data presented in this report consists of time histories, 1/3-octave
band spectra, EPNL, PNL, dBA, dBD and OASPL noise levels.

17. Key Werds 18. Distribatin Statenent

Helicopter Noise Levela, This document is available to the
Hover; Level Flyover; Approach; public through the National Tech-
Glide Slope; Time Histories; nical Information Service
EPNL, PNL, dBA, dBD and OASPL. Springfield, Virginia 22151
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This data rep*3rt contains the measured noise levels obtained
from an FAA Helicopter Noise Test Program. The purpose of this test
program was to provide a data base for a pcssible helicopter noise
certification rule. The noise data presente~d in this two volume
report is primarill intended as a means to disseminate the available
information. only the measured data is preinented in this report. All
FAA/DOT data analysis and comparisons will be presented in a later
report which is scheduled for distribution in July,1977.

The eight helicopters tested during this Helicopter Noise Test
Program constituted a wide range of gross weights and included par-
ticipation from several helicopter manufaciuurers. The helicopter
models used in this test program were the Hughes 300C, Hughes 500C,
Bell 47-G, Bell 206-L, Bell 212 (UH-lN), Sikorsky S-61 (SH-3A),
Sikorsky S-64 "Skycrane" (CH-54B) , and Boeing Vertol 'Chinook" CH-47C
Volume I contains the measured noise levels obtained from the first
four helicopters while Volume 11 contains the data from the remain-
ing four.

The test procedure for each helicopter consisted of obtaining
noise data during hover, level flyover, and approach conditions. The
data presented in this report consists of time histories, 1/3-octave
band spectra, EPNL, PNL, dBA, dBD and OASPL noise levels.
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'!cicpter Noise Levels; This document is available to the
Hover; Level Flyover; Approach; public through the National Tech-
Glide Slope; Time Histories; nical Information~ Service
EPNL, P11L, dBA, dBD and OASPL. Springfield, Virginia 22151
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16. Abst.ac This report describes the noise characteristics of Eight Helicopters durin
level flyovers, simulated approaches, and hover. The data was obtained during an
FA/DOT Helicopter Noise Program to acquire a data base for possible helicopter noise
regulatory action. The helicopter models tested were the Bell 47G, 206L, and 212

A (UHIN), the Hughes 300C and SOOC, the Sikorsky S-61 (SH-33) and S-64 (CH-54B) and the
Vertol CH-47C. The acoustic data is presented as Effective Perceived Noise Level,
A-weighted sound pressure level and 1/3 octave band sound pressure level with a slow
meter characteristic per FAR Part 36. Selected waveforms and narrow band spectra are
also shown. Proposed methods to quantify impulsive noise ("blade slap") are evalu-
ated for a level flyover for each of the t, licopters.

The tested helicopters can be grouped into classes depending upon where the maximum
noise occurs during a level flyover. Helicopters with the higher main rotor tip speed!
propagate highly impulsive noise ahead of the helicopter. The maximum noise for
most of the helicopters occurs near the overhead position and appears to originate
from the tail rotor. Unmuffled reciprocating engine helicopters appear to have sig-
nificant engine noise behind the helicopter. Noise levels, when compared as a
function of gross weight and flown at airspeeds to minimize "compressibility slap"
form a band 7 EPNdB wide with a slope directly proportional to gross weight. The
quieter helicopters have multibladed rotors and tipspeeds below 700 fps. The duration
correction in EPNL is important in evaluating helicopter noise because it penalizes
the longer time histories of the helicopters with significant blade slap during a
level flyover.

17. Key eeds 1 Di. tirbutia. Steatement
Helicopter Noise Levels; Effective This document is available to the public

Pe;ceived Noise Level, Flyover Noise Time through the National Technical Information
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16 Abstract

An engineering study on a large turbofan engine was conducted to: (1) accurately estimate the engine weight increase and
design criteria necessary to contain equivalent disk fragments resulting from a rotor failure. (2) evaluate forward contain-
ment for tip fragments of fan blades, (3) identify critical structural components and loads for the loss 'of an equivalent fan
disk fragment through analysis of the rotorlframe transient dynamic response. The fragments studied for engine contain-
ment were disk fragments with energy equivalent to two adjacent blades and an included disk serration, and four adjacent
blades and three included disk serr ations. The forward containment study was made to determine the additional weight
required to contain or deflect turbofan engine fan blade tip fragments up to 30 degrees forward of the planc of rotation, as
measured from the axis of rotation.

The results of this study indicated significant weight increases for the engie in order to contain the equivalent disk frag-
ments of two blades with an included disk serration and four blades with three included disk serrations. The total resultant
engine weight increase (shown in Table 9) for the two blade fragment is 367 pounds and for the four blade fragment is 682
pounds.

17. Key Word, 16. O~sI.hge~en statement

Document is available to the U.S. oublic

Turbofan engine, cunitainment, disk fragment, through the National Technical
blade fragment, transient dynamic response Information Service, SIifigfield,
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16. Abstract

Limited flight tests were conducted using Loran-C and Omega guidance in the
4. .4offshore Atlantic City area as part of the Helicopter IFR Operations Program at

NAFEC. Tests were conducted using a prototype Loran-C system and a production
Omega system both installed in a CV-580 aircraft. Approved offshore routes
were flown and data was collected on both navigation systems. Precision radar
tracking was used to determine aircraft position. Measured results on Omega
navigation indicates mean + 2 sigma crosstrack errors wihich in some cases are
larger than a + 2nm route width. Measured results on Loran-C navigation indicate
mean + 2 sigma crosstrack errors which are close to but do not exceed a + 2
nm route width. The Loran-C figure, however, includes a bias error of about
1.2nm which was caused by a problem in the prototype receiver. According to
the manufacturer, the problem has been corrected. If the bias is subtracted out,
the mean + 2 sigma Loran-C crossstrack error is well within a + 2nm route width.
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!he Helicopter Operations Development Plan is designed to provide

for upgrading and development of all those criteria, standards, procedures,
systems, and regulatory activities which will allow safe, timely and eco-
nomical integration of the helicopter into all-weather operations in the
National Airspace System. It describes a five-year development program
whose objective is to improve the National Airspace System so as to enable
helicopters to employ their unique capabilities. It includes the collec-

tion of data (both near and long term) for use by the FAA and others to
ensure full integration into the NAS of this rapidly growing segment of
aviation. These areas are covered in the plan: (1) IFR Helicopter Opera-
tions; (2)' Navigation Systems Development; (3)' Communication Systems Devel-
opment; (4)' Helicopter Air-Traffic Control; (5f Weather Environment; (6)"

All-Weather Heliport Development; (7) IFR Helicopter Certification Stan-
dards; (85 Helicopter Icing Standards; (97 Helicopter Crashworthiness and

(10)r Helicopter Noise Characterization. The FAA groups, other Federal
Government agencies and other organizations participating in this effort
are identified. Program management responsibilities are addressed. A

program schedule with milestones is preset-ted and program funding require-

ments are identified.

Il. K, w- Helicopter, All-Weather U. .. ,..mkee-m-

Operations, ATC Integration, All- Document is available to the U.S.
Weather Certification, Icing Stand- public through the National Technical
ards, Crashworthiness, Noise, Information Service, Springfield, VA
Heliport, Comunications, Navigation 22161
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U.S. Department of Transportation Jun 1976-June 1977
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16. Absi,eep

This report describes the collection and analysis of data related to the behavior
of the wake vortices of departing aircraft. The test site was located on the
departure end of Runway 23L at Toronto International Airport, Toronto, Ontario,
Canada. Three arrays of Ground Wind Vortex Sensing Systems and one Monostatic

Acoustic Vortex Sensing System were used to detect, track and measure the strength

The data were analyzed to determine vortex lifetimes, transport characteristics

and decay mechanism.

The results of the data analysis were used to generate an elliptical wind rose
criterion similar to that used in the Vortex Advisory System for reduction in
interarrival aircraft spacings.

Appendix A contains the results of a series of measurements on the Vortices
generated by a Boeing Vertol 1114 (H-147 Chinook) helicopter.

17 e ed s itii4f ttmn

Vortex Sensing Tests, *Acoustic OCUMENT IS AVAILABLE To THE PUBLIC
Sensors, Wind Sensors, Aircraft THROUGH THE NATIONAL TECHNICAL

Wake Vortices INFORMATION SERVICE. SPRINGFIELD.
VIRGINIA 22161
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U.S. Department of Transportation 10. War Unit No. (TRAIS)
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Department of Transportation Final Report, Task One
Federal Aviation Administration
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15. Supplerntery Notes

16. Abstract

The problems which inhibit the integration of IFR operations in the ATC system
were examined, and recommendations were made to resolve these problems. Revisions
in TERPS criteria and in the ATC Handbook are necessary, to minimize interference
between fixed-wing and rotary-wing aircraft. The use of 2 nm radar separation
between IFR helicopters in terminal areas is recommended to increase capacity by
reducing the time interval between helicopter approaches to a value consistent with
the time interval between fixed-wing approaches. Helicopters have a special need
for low-altitude RNAV capability and the ATC system needs to be better adapted to
handle the random route traffic that helicopters will generate in exploiting their
special capabilities. To this end, it is recommended that the FAA develop software
to call up and display, on the ATC PPI, random waypoints and connecting routes, on
an as-needed basis.

Helicopters operating offshore and in remote areas are often beyond the cover-
age of surveillance radar, thus requiring the use of procedural control. They also
operate below the coverage of VHF communications and VOR/DME, requiring alternate
types of systems, several of which are recomended. The need for special controller
training in procedural control, and in helicopter characteristics and limitations
was mae apparent during the study.

N. A&y WowEa 16. Distrihletul Sttement

Helicopter Flight Operations, Helicopte- Document is availaLle to the public through
ATC, Helicopter Flight Operations Costs, the National Technical Information Service
Communications Systems, Navigation Sys- Springfield, VA 22161
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17. S,-,s-m.0 A&,~, Nmm.d Ad-,. Final Report
U.S. Department of Transportation Ail ReprtT

Federal Aviation Adninistration April ].977 to Jun.- 19i8

Systems Research and Development Service -4 . ..
Washington, D.C. 20591 FAA/A D-530 -!

IA L.'" This report reviews the Airworthiness Standards for Certification

of Helicopters for Instrument Flight Rules Operation. It spc'-ifically

reviews the Interim Criteria, Federal Aviation Regulations. Advisory

Circulars and other pertinent documents assqciated with the certification

of Helicopters for Instrument Flight. A review of current technology,
existing data applicable to IFR helicoptnr operation and certification
procedures is accomplished. Identification of specific airworthiness

requirements for helicopters operating in IFR conditions in stndied and
special attention is given to aircrew manning configurations, pilot flight-

control worklnads, helicopter trim, static stability, dynamic otah.Jy

handling qualities, analysis of time history data and documcutption prn'n-
dures, augmentation systemq, autopilots and a review of eer::alx- flight test
techniques. An analysis was made of the numerous hellcnpro.rn re .enti"
certified for IFR flight in order to establish the vario s systems ,' li.ed
including avionics systems, display systems and autopilnt type s"ste(.
Special emphasis was centered on the study of the most critical IFR flicht
phases depicted by high workload cruise conditions and marginal strl.Ility

conditions due aft c.g. conditions, descent, and high climb rate conditions

during IFR approaches and missed approaches for Category I procedures.

4FLTC("TER: AIRWORTHINESS STANDARDS This document is available to the
FOR IFR CERTIFICATION, CRITERIA, U.S. public through tbc National

HANDLINC QUALITIES, STABILITY AND Technical 7nformatic;n Service.
CONTROL Springfield, Virginia 22161
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16. Ablstroct

The results of a two-phased program to investigate powered-lift aircraft
handling quality degradation due to both naturally-occurring and computer-
generated atmospheric turbulence are presented and discussed. In Phase I
an airborne simulator was used to simulate a powered-lift aircraft on final
approach. The atmospheric conditions included calm air, moderate to heavy
turbulence, and frontal-type wind shears. In Phase II a ground-based
simulator wi.*th a moving cockpit and a colored visual display was used to
repre-ent the same powered-lift aircraft. During Phase II, the Dryden model
of atmospheric turbulence was used as well as the naturally-occurring wind
profiles recorded during Phase I.

Analysis of the data showed that the handling quality assessments obtained
in the airborne and ground-based simulators were similar, but wind shear was
responsi.ble for more of the differences than turbulence. The comparison of
the haundlin quality assessments and selected measures of combined pilot-
vehlcle performance obtained with the naturally-occurring and computer-
generated turbulences demonstrate that the Dryden model can yield optimistic
ratings of airplane handling qualities and an optimistic estimate of combined
pilot-vehicle performance degradation in turbulent landing conditions.

17 Key 01"J6 18. Disirrbution Statement

Atmospheric Turbulence Wind Shear Document is available to the U. S.
Ha n ding quhalities Flight Tests public through the National Technical
.L..zn. 3iaLon Powered Lift Information Service, Springfield,
Aircraft Lianding - Virginia 22161.
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This work was accomplished under modification No. 2 (effective date
July 18, 1978; requisition/purchase request No. LGR-8-5518) of contract
No- DOT-FA77WA-3966
16 Abs..e.€

A review was made of the Interim Criteria, Federal Aviation Regula-
tions, Advisory Circulars and other pertinent Documents associated with
certification of Helicopters for instrument flight. A review of
publications pertaining to workload definitions Aid evaluation, applicable
to IFR helicopter operations was accomplished. The report Identifies the
role of aircrew workload in the IR certification process and develops a
rationale to allow determination of that portion of a pilot's attention
and effort available for aircraft control. Performance objectives for
required maneuvers are delineated and the interdependence of performance
and workload is identified. Workload/performance implications for single
and dual pilot IFR operations are reviewed. A series of flight maneuver
patterns for use as IFR certification assessment tools is developed. A
flying qualities workload evaluation scheme is offered for use in the FAA
certification process for IFR approval of helicopters.

17. IL- e. , e

HELICOPTER: PILOT WORKLOAD, IFR This document is available to the
HANDLING QUALITIES, FAA CERTIFICA- U.S. public through the National
T ON FOR IFR OPERATIONS. Technical Information Service,

Springfield, Virginia 22161
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Larry D. King and Richard J. Adams
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Systems Control, Inc. (Vt)
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13. Type of Report end Period Covered

12. Sponsoring Agency Name end Address

Department of Transportation Final Report
Federal Aviation Administration
Systems Research and Development Service 14. Sponsoring Agency Code
Washington, D.C. 20591

IS. Supplementory motes Prepared by:
Champlain Technology Industries, A Division of Systems Control, Inc. (Vt)
A Subsidiary of Systems Control, Palo Alto, California

16. Abstract
This report presents the results of a comprehensive flight test experiment of

an Airborne Radar Approach (ARA) system. The tests were performed within a 60
nautical mile radius of NAFEC in Atlantic City, N.J. The test environment involved
three distinct sites: airport, remote and offshore. The test aircraft was a NASA
CH53A helicopter manufactured by Sikorsky Aircraft and currently based at NAFEC. The
test period was from July 1978 to December 1978., Flight tests for ARA accuracy and
procedures development were performed in both skin paint (and passive reflector) and
single beacon radar operating modes. The flight test profiles and procedures were
developed for the following reasons: 1) to assist the FAA and the user coumiunity in
developing and certifying standard ARA procedures, associated weather minimums and
obstacle clearance requirements; 2) to define and quantify specific ARA system func-
tions and characteristics for use! in a Minimum Operational Performance Standards
(MOPS) document.

The primary conclusions of this flight test experiment were: the Airborne
Radar Approach System tested performed satisfactorily from both an accuracy and an
operational viewpoint in the single beacon mode for all three airspace environments;
the ARA performance in the skin paint mode showed two significant problems, 1) distin-
guishing landside targets was quite difficult and could cause operational problems,
2) offshore targets such as oil rigs provide bright returns but are not distinguish-
able from boats, lighthouses and buoys: the ARA performance in the reflector mode
showed that very large reflector cross sections are required to provide positive
target identification.

Further flight experiments are planned to evaluate additional radar operating
I rioes ouch as combined skin paint and beacon modes, and techniques of cockpit
display to aid the pilot in his "track keeping" function.

7. Key Words Is. Diswibtioe Statement

Airborne Radar Approach (ARA) This Document is available to the public
Single Beacon through the National Tecinical Information
Skin Paint Service, Springfield, Virginia 22161
Passive Reflector
MOPS
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TEST AND EVALUATION OF AIR/GROUND COMMUNICATIONS FOR January 1980
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BALTIMORE CANYON OIL EXPLORATION AREA
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Federal Aviation Administration
National Aviation Facilities Experimental Center 11. Contract or Giont No.

Atlantic City, New Jersey 08405 045-390-190
13. Type of Report end Period Coered

12. Sponsoring Agency Nem, end Address

U.S. Department of Transportation Interim
Federal Aviation Administration May 1978 - August 1979
System Research and Development Service 14. Sponsoring Agency Code

Washington, D.C. 20590

Is. Supplementary Nots

16. Abstrect

Helicopter instrument flight rules (IFR) operations in the offshore oil drilling areas
are creating a need for low-level extended range air/ground (A/G) communications.
rhis report describes the communications equipment and concepts used for helicopter
FR operations in the offshore New Jersey, Baltimore Canyon oil exploration area.
arious types of very high frequency (VHF) high-gain directional antenna arrays were
ns talled and flight tested to determine the degree of A/G communications coverage
rovided. Both the flight test data and more than 1 year of operational experience
ave shown that reliable A/G communications that can support IFR operations are
Dtainable throughout the offshore New Jersey oil exploration area by using high-gain
directional antennas.

17. Key Werds 11. Distribution Seement

kir Traffic Control Communications Document is available to the U.S. public

VF Extended Range Communications through the National lechnical Informatic.
ielicopter IFR Communications Service. Springfield$ Virginia 22161
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9. Performieng Organ i atio Name and Address 10. Werk Unit No. (TRAIS)

Federal Aviation Administration
National Aviation Facilities Experimental Center 11. Cotr.cor Grat Ne.
Atlantic City, New Jersey 08405 045-390-130I 13. Type of Report and period C"WOed

12t. Sponsoring Agency Name and Addrelss

U.S. Department of Transportation Interim
Federal Aviation Administration July 1979- November 1979
Systems Research and Development Service id. Sswg. s Agency Code
Washinxton. D.C. 20590

Is. SpNotesJ

M6 Abstrac~t

This report describes an evaluation of the Northeast Helicopter Corridor Routes
(NEC). The Northeast Corridor is an experimental route between Boston and
Washington, D.C., consisting of two, one-way, reduced width airways designed
expressly for helicopter operations. The evaluation is a joint effort of the
Federal Aviation Administration (FAA) and the Helicopter Association of America
(HAA). The data being gathered is il the form of data extraction tapes from
Automated Radar Terminal Service (ARTS) equipped air traffic control (ATC)
facilities along the routes and flight logs submitted by the helicopter pilots
after each corridor test flight. The test flights are being made as cooperating
corporate helicopter operators fly the corridor in the course of their normal
operations.

The data collection phase of this evaluation began July 15, 1979, and will
continue until July 15, 1980.

-. Key Werds IS. Distribwtion Stee.nt*NrthcsL Corridor Document is avai1imble to the U.S. public

Helicopter IFR through the National Technical Information
Area Navigation Serv.ce, Springfield, Virginia 22161
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Federal Aviation Administration
National Aviation Facilities Experimental Center 11. Contract er G,ent Me.
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12. Sponsering Agency Nome and Address

U.S. Department of Transportation Interim

Federal Aviation Administration July 1979 - August 1979

Systems Research and Development Service mt. Sjeuse.ingAgency Cede

Washington, D.C. 20590
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16. Abstract

This report presents preliminary results of a flight test evaluation of a radar

cursor technique to be used as an aid in acquiring and tracking the desired

ground track during airborne radar approaches. The test was performed using a

Sikorsky CH-53A helicopter on loan from NASA and based at NAFEC. The airborne

radar system used was a BENDIX RDR-1400A modified to electronically produce a
radar cursor display of course error. Airborne radar approaches were made to an

offshore and an airport test 'nvironment located within a 60 naucical mile radius

of NAFEC. Systems Control, Inc.(SCI), provided contractor services in the areas
of test planning, data reduction, and final report preparation. The specific
purpose of the test was to evaluate the practical utility of the radar cursor
as an aid to performing airborne radar approaches. The preliminary conclusion

of this test was that the use of the radar cursor improved course acquisition
and ground tracking significantly with pilotage errors and total system cross-

track errors reduced by one-half or better. The radar cursor technique showed

potential in reducing airspace requirements for airborne radar approaches.
SCI is presently completing data reduction and analysis and will publish a
final report in the near future.

S17. Key Words Is. Distribution Steteft

Helicopter Instrument Flight Rules (IFR) Document is available to U.S. public

Airborne Radar Approach (ARA) through the National Technical
Weather Radar System Information Service,
Radar Cursor Technique Springfield, Virginia 22161
Offshore Approach Beacon Approach
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M. White & D. Swann

9. Performing Organization Nme. end Address 10. Work Unit No. (TRAIS)
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12. Sponsoring Agency Nome and Address

* Department of Transportation FnlRpr
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Washington, D.C. 20591
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16. Abstract

This report examines the communications requirements of helicopters
operating in the National Airspace System in the 1985-1990 time frame.
The technical options that exist or are forecast to exist in that time
frame are examined for suitability in meeting the requirements, and their
pros and cons are discussed. A research plan is formulated for developing
the required capabilities.

17. K~ey Words 18. Distribuion Statement

helicopter, commufunication, Unlimited
navigation, surveillance,
loran-C
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National Aviation Facilities Experimental Center 11. Contre. o ret '.
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Systems Research and Development Service id. sp..ing Agoncy Cede
Washington, D.C. 2059C

Is. Supplementery Notes

16. Abstract

A flight test series investigating the airborne radar approach (ARA) for helicopters
is discussed. Passive and active target enhancement methods and their relative
merits are examined. A description of systems and methods involved in the ARA
are p-esented along with subjective insights and ,conclusions. It is concluded that
the ARA is a practical approach aid in the absence of conventional navigation aids
(NAVAID's) subject to certain limitations as discussed herein.

17. Keo Verde 1W. Dldtsihutle Stoteemnt
Helicopter Document is available to the U.S. public
Instrument Flight Rules through the National Technical Information
Weather Radar Service, Springfield, Virginia 22161
Transponder Beacon Offshore
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ICING CHARACTERISTICS OF LOW ALTITUDE, [ May, 1980
SUPERCOOLED LAYER CLOUDS. 600,110-~ .0 Og.01". Code
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Richard K. Jeck
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Naval Research Laboratory _______________

4555 Overlook Avenue, SW I1 Cali a o' '.'on No

Washington, D.C. 20375 FA79WAI-020
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12 Spal,onq Agency Noln,c and Add'Ss

U.S. Department of Transportation Interim Report
Federal Aviation Administration February to Octobe!rj9180
Systems Research and Development Service 14. Spao,0ng Agec . -oze

Washington, D.C. 20591 FAA/ARD-4 13
15 S,~poenen'a'oy Noas

16 Abs'..,cl

A limited amount of new data has been obtained on the icing environment
during initial airborne measurements aimed at developing environmental icing cri-
teria for use in certifying helicopters for flight into icing conditions. Super-
cooled cloud characteristics are reported for 12 icing events encountered at tem-
peratures from -10*C to 0OC at altitudes from 3500 to 6500 ft above the surface
of Lake Erie and Lake Michigan. Recorded droplet size spectra from a Parti cle
Measuring Systems' Axially Scattering Probe (ASSP) were used to compute droplet
mass (volume) median diameter (i'OD) and, in addition to a Johnson-Williams LWC
Indicator, the liquid water content (LiC) A review of available historical data
from 1944-1950, upon which the atmospheric icing standards of Appendix C, FAR 25
were based, reveals that data obtained from measurements of ice accretion on
multidiameter cylinders are subject to a number of significant errors of both
signs. These probable errors, which will continue to be evaluated, may be re-

* sponsible for the conclusions that 1) the historical UrIC values are generally
larger than those observed in the flights described in this report, 2) the his-
torical MMDs appear to be generally too small for all values of LWC and3)the

* historical droplet size distributions are unreliable, as is acknowledged in the
later historical literature.

U). Key Welds 18. Distribution Statement

Aircraft Icing Airborne Measurements Document is available to the U.S. public
Liquid Water Content through the National Technical InformatiojStratus Clouds Helicopter Icing Service, Springfield, Virginia 22161
Supercooled Clouds
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Federal Aviation Administration
National Aviation Facilities Experimental Center
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12. Sponsoring Agency Name and Address

Federal Aviation Administration Letter Report
Office of Airports Standards 14. Sponsoring Agency Code

Washington, D.C. 20591 AgS-00

15 Supplementary Notes

16. Abstract

The purpose of this effort, a preliminary to design and testing of Heliport
Instrument Flight Rules (IFR) Lighting and Marking System, was to conduct a
review of the state-of-the-art development of such systems. Visits were made
to organizations presently conducting IFR helicopter operations in the U.S. and
abroad. Inquiries were made as to the types of IFR helicopter operations being
conducted and the types of lighting and marking systems used.

In summary, the conduct of the IFR lighting and marking survey had revealed
that there are, at present, virtually no visual guidance systems in being or
planned that are capable of supporting either nonprecision or precision helicopter
approaches for landing at helipads or heliports. Thus, the developmental work
to be accomplished at NAFEC within the framework of the All Weather Heliport
Lighting and Marking Project will have to be done without benefit or prior
operational experience.

17. Key Words 18. Distribution Statement

Heliport Lighting Document is on file at the NAFEC
Instrument Flight Rules Library, Atlantic City Airport,
Helicopter New Jersey 08405
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NAVIGATION IN THE GULF OF MEXICO
8. Performing Organization Report No.
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Robert Pursel FAA-CT-80-1 8
9. Performing Organisation Name and Address 10. Work Unit No. (TRAIS)

Federal Aviation Administration
Technical Center ii. Contract or Grant No.

Atlantic City Airport, New Jersey 08405 045-390-130
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12. Sponsoring Agency Nome and Address
U.S. Department of Transportation Final
Systems Research and Development Service
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|5. Supplementary Notes

16. Abstoct

Flight tests of a long range navigation (LORAN-C) airborne navigator were conducted
in the Gulf of Mexico oil exploration and production area. Two systems were installed
in a CV-580 aircraft to examine simultaneously the performance from two different
LORAN-C triads. Four separate test routes were flown over a period of 3 days.
These routes covered the eastern, central, and western test areas, and an overland
route from Houston, Texas, to Lafayette, Louisiana. An inertial navigation system
(INS) was used as a position reference standard. The INS data were updated to
correct for drift. Accuracy of the position reference from the corrected INS data was
±0.3 nautical miles (nmi). The flight test data collected indicated that both
the Malone, Raymondville, Jupiter and the Malone, Raymondville, Grangeville triads
provided en route LORAN-C navigation capability which met Federal Aviation Adminis-
tration (FAA) Advisory Circular AC-90-45A accuracy requirements except when operating
near the baseline extension of the Malone-Grangeville baseline when using the Malone,
Raymondville, Grangeville triad.

17. Key Words 18. Distribution Statement

LORAN-C Document is available to the U.S. public
En Route Navigation through the National Technical Information
Radio Navigation System Service, Springfield, Virginia 22161
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Federal Aviation Administration
Systems Research and Development Service 11. c. "..", e.
Helicopter Systems Branch
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U.S. Department of Transportation
Federal Aviation Administration
Systems Research and Development Service 14. S Ce-deer ,C-.
Washington, D.C. 20590 ARD-330

1S SinP91.merot~ es.

The Helicopter TERPS Development Program is designed to collate
and coordinate all Inputs received from government-sponsored and other
projects which relate to helicopter TERPS in order to: assure that

data generated by each project is developed, coordinated and applied
in such a way as to avoid duplication of effort while achieving results
in minimum time. It describes a development program whose objective is
to develop criteria which will maximize the efficiency of terminal area
and enroute operations with helicopters, by applying the unique maneuver-
performance capabilities of helicopters. It includes both a near-term
and long-term review of TERPS, both of which are expected to generate
modification of the U.S. Standard for Terminal and Enroute Instrument
Procedures and the criteria and procedures contained therein. The FAA,

other Federal Government agencies, and organizations participating in
this effort are identified. Program management responsibilities are
addressed and a program schedule with milestones is presented.

17. Key Wrds II. losw"Neet

Helicopter, TERPS, IF, Document is available to the U.S.

Terminal Environment, public through the National Technical

Air Traffic Control Information Service, Springfield,
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16. A--'...?

This comprehensive report presents the results of a flight test experiment
of an Airborne Radar Approach (ARA) System utilizing various track orientation
techniques and operational modes. The tests were performed in the immediate area of
NAFEC in Atlantic City, N.J. The test environment involved the airport terminal
area and offshore sites. The test aircraft was a NASA CH53A helicopter manufactured
by Sikorsky Aircraft and currently based at NAFEC. The test period was from
January 1979 to February 1979 and from June 1979 to August 1979. Flight tests for
ARA accuracy and procedures development were performed in six distinct operational
modes. These were as follows: beacon w/cursor, multiple beacon, skin paint, skin
paint w/cursor, combined and beacon-onl) modes. The specific program objectives can
be summarized as follows: 1) to evaluate the ability of the radar operator to guide
an aircraft along a predetermined path using various track orientation techniques,
namely: the cursor and multiple beacon techniques; 2) to assist the FAA in developing
and certifying standard ARA procedures and weather minimums; 3) to define and
quantify specific ARA system functions and characteristics for use in a Minimum
Operational Performance Standards (MOPS) document.

The primary conclusions of this flight test experiment were: the ARA system

performed satisfactorily from both an accuracy and an operational viewpoint in all
six operational modes, the ARA performance utilizing the track orientation techniques
showed marked decrease in the overall Total System Cross Track (TSCT) and Flight
Technical Error (FTE) quantities; the cursor and multiple beacon techniques also
eliminated the tendency to "home" to station; in the skin paint mode distinguishing
offshore targets suc'h as lighthouses from ships and other surface objects is
virtually impossible.

17. Key We-d, I8 t. ui. tt~

Airborne Radar Approach (ARA) This document is available to the public
Beacon w/cursor through the National Technical Information

Skin Paint Service, Springfield, Virginia 22161
~Multiple Beacon

MOPS
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With the growing importance of helicopters to the national air trans-
portation system, a demand is developing for more IFR (virtually all-weather)
helicopter capability. At the same time, it il essential that helicopters be
able to take advantage of their unique features and operate within the common
ATC system without conflict to or from conventional fixed wing air traffic.

'2, A "test bed" operation was established progressively by the FAA in coopera-
tion with the HAA during the period 1975-1978 to develop real world appli-
cations of these and other helicopter operational concepts in the Northeast
Corridor (NEC) of the United States. During mid-1979 to early 1980 a nine
month controlled NEC test and evaluation project was carried out jointly
by the HAA and the FAA. This HAA report describes the methodology and
procedures followed, results obtained during the controlled test period,
and conclusions and recommendations reached. The complementary FAA
Technical Center report referred to in item 15 above will be issued separately.

1,. Key w.,d. Helicopter; Radar tracking; Is. Doisriltbi. Stteme nt

Northeast Corridor (NEC); area navigi- Document is avaiable to U.S. public
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16 Absi'ct

A helicopter ATC system for the Gulf of Mexico is set forth. It embodies a
concept of evolutionary growth in four phases as follows:

Phase 1, The Present System (period of use: 1980). IFR navigation is obtained
primarily with Loran-C, or VLF/OMEGA. Back-up systems are ADF and Airborne Weather
Radar. VOR/DME is used over land. ATC is by procedural control and separation
standards because no radar or other surveillance system is available off shore.

Phase 2, LOFF (Loran-C Flight Following)(Period of Evaluation:1981). The LOFF
system is placed in operation for experimentation and evaluation. While ATC is
still performed by procedural control, LOFF will assist ground controllers by
reducing workload, improving flexibility, etc. Experiments will also be performed
on secondary radar systems (ATCRBS & VLATME) to provide surveillance.

Phase 3, Augmented LOFF (Period of use: 1983 and beyond). IFR helicopters will
be able to fly direct,offset or segmented RNAV routes. ATC will be essentially
equivalent to the NAS. Navigation by Loran-C will expand. Surveillance will be by
LOFF and/or secondary radar. Area of control will be 1,500' to 10,000' over entire
Gulf.

Phase 4, RNAV Traffic Control (Period of use: 1985 and beyond). IFR helicopters
will be able to use any of a number of certified navigation systems. ATC systems
will adapt to varying accuracies of these systems. ATC will be based on surveill-
ance provided by aircraft reporting of position information and/or secondary radar.
Separation standards will be reduced and be equivalent to Northeast Corridor.

17. K., .o, 1d8. Osiihutio Seotemene

Document is available to the U.S. publicHelicopter Gulf of Mexico ATC System through the National Technical Informa-
tion Service, Springfield, VA 22161
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16. Absrac,

A number of recommendations from a previous helicopter air traffic control (ATC)
study (See Report FAA-RD-78-150) were examined. Those which appeared to have potential
for early implementation were selected for further testing. The selected recommendatiois
included: (1) dual-fix holding patterns to save airspace; (2) speed control procedures
and short approach paths to save fuel; (3) various methods of reducing separation in
order to increase airport or heliport capacity. Under item 3 above, a rationale for
utilizing existing parallel approaches of helicopters and CTOL aircraft was presented
for consideration.

Extensive use of flight simulation and ATC simulation was recommended in order to
reduce the time and cost of evaluating the potential improvements. The steps of the
recommended simulation program were arranged in the order of ascending cost, to learn
as much as possible about the subject as quickly as possible and to weed out or revise
impractical solutions before they reach a more expensive stage of evaluation or devel-
opment. A detailed simulation program was prepared using a modified factorial design
in order to isolate the effects of changes in various parameters.

17. Key Words I,. Dsst,,bute, Stetement

Helicopter, air traffic control (ATC), Document is available to the U.S. public
simulation, holding patterns, approach through the National Technical Information
procedures, sepaxeation standards, Service, Springfield, VA 22161
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16. Abstract

Test and simulation planning is documented for longer-term improvements in
helicopter ATC concepts, which are classified into the following categories:

i. Offshore Route Structure in the Gulf of Mexico

2. Secondary Radar

3. Analysis of Navigation Errors in the Gulf
4. Offshore Surveillance and Comunications to 300 NM Range
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I5. Supplenmentory Notes

This effort was sponsored by the Systems Research and Development Service, Navi-
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16. Abstroct

The recommended Short Term ATC Improvements for Helicopters are documented
in three volumes, I.e.:

0 Vol. I is a summary report of all improvements studied. Improvements are
categorized as to those that can be recommended for immediate operational considera-
tion or use and those that require limited short term simulation or test.

The recommendations for immediate use include: (1) Helicopter ATC training
material, (2) Operational Description of LOFF, (3) Recommendations concerning
military training routes and (4) Survey data for use in Gulf communications and
route structure planning.

The recommendations for short term simulation include: (1) Dual waypoint
holding patterns, (2) other holding patterns and (3) shortened entry procedures
for intercepting final approach path.

• Vol. II is the complete training material for helicopter ATC. It contains
major sections on Helicopter Capabilities and Limitations, on Helicopter Navigation
and on Helicopter Control Procedures.

* Vol. III is the complete Operational Description of the Experimental Loran
Flight Following (LOFF) in the Houston Area. It describes both airborne and ground
components and states the objectives that are being sought in the experiment.
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Control, Helicopter ATC Controller through the National Technical Information
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Helicopter Holding Patterns
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16. Abstrect

The recommended Short Term ATC Improvements for Helicopters are documented
in three volumes, I.e.:

e Vol. I is a summary report of all improvements studied. Improvements are
categorized as to those that can be recommended for immediate operational considera-
tion or use and those that require limited short term simulation or test.

The recommendations' for immediate use include: (1) Helicopter ATC training
material, (2) Operational Description of LOFF, (3) Recommendations concerning
military training routes and (4) Survey data for use in Gulf communications and
route structure planning.

The recommendations for short term simulation include: (1) Dual waypoint
holding patterns, (2) other holding patterns and (3) shortened entry procedures
for intercepting final approach path.

o Vol. II is the complete training material for helicopter ATC. It contains
major sections on Helicopter Capabilities and Limitations, on Helicopter Navigation

and on Helicopter Control Procedures.
* Vol. III is the complete Operational Description of the Experimental Loran

Flight Following (LOFF) in the Houston Area. It describes both airborne and ground*
components and states the objectives that are being sought in the experiment.
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This report documents the review and evaluation of real estate
and airspace requirements as set forth In applicable U.S. heliport
design criteria. International criteria are reviewed to discern
their rationale for various requirements. Helicopter performance
during normal and failure-state operations is analyzed. The
suitability of current criteria is ezemined-with respect to various
operational profiles. Modifications to curren 't criteria are
suggested which would accommodate various operational requirements
and varying levels of terminal Instrument procedures capability.
Recommendations include a revised heliport classification scheme
with corresponding changes to real estate and airspace criteria for
IFR operations; helicopter performance chart standardization for
flight manuals with specific data requirements; consideration of
obstacle clearance for failure-state operations; additional cri-
teria for offshore facilities; and revised criteria for elevated
heliports/ helipads.
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16. Abstract

This flight test plan is designed to determine the suitability and accuracy of
LORAN-C nonprecision approaches for helicopters in the Northeast Carridor.
Results will be compared with Advisory Circular (AC) 90-45A requirements for
total system accuracy. Conclusions will be drawn with regard to the accuracy

of LORAN-C nonprecision approaches for helicopters. Specific objectives are:

a. To collect data on LORAN-C system errors to support decisions relative

to possible certification of LORAN-C for nonprecision approaches in the Northeast
Corridor.

b. To obtain specific operational data on performance of LORAN-C for

nonprecision approaches and missed approaches in the Northeast Corridor.

c. To obtain data on flight technical error associated with LORAN-C

nonprecision approaches.

d. To obtain data on area propagation anomalies in the Northeast Corridor.

e. To obtain performance and ooerational data on LORAN-C using various
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16. Abstract

The development of techniques and criteria permitting the release of a helicopter
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part of this overall effort, helicopter icing characteristics, available ice
protection technology, and test techniques are discussed in this technical
treatment. Recomnendations are provided in the areas of icing certification
procedures and icing research.
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One of the key issues addressed in this report is the test environment, i.e., the
use of inflight evaluation in natural icing only, or, the use of a simulated
icing environment to supplement and/or expand the certification envelope. Involved
in this issue is the shape (and extent) of the rotor ice (natural vs simulated) as
it affects the aerodynamics and dynamics of the rotor system, together with the
shedding characteristics as it affects the behavior and safety of the complete
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The helicopter community has a need for adequate instruments for safe instrument
flight. The three-cue flight director has been found to be suitable during
Instrument Meteorological Conditions. With the increased use of flight directors
by civil operators, questions have been raised regarding the collective command's

(the third cue) sensing. A literature search was conducted to determine what
work had been done with the collective display format.
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FAA activities directed at improving communications to helicopter traffic
flying to and from offshore oil and gas platforms in the Gulf of Mexico is
presented in an Appendix.

17. Key Wod, 18 Distriuon Statement -

Appalachia, Helicopters, DocumenL is available to the U.S. public
Communications, Traffic through the National Tethnical Informa-

tion Service, Springfield, Va. 22161

19. Security Closso. (of th,. report 20. Security Clossi f. (of thes page) 21. No. of Page, 22 P,,-

Unclassified Unclassified

Form DOT F 1700.7 (8-72)

N, rs w,



Tclihlcol Report Documetion Page
1. Repo't No. 2. Govenment Acc-sei.. No. 3. Recipient's Cetolog No.

FAA-RD-81-27 AD-A105260
4. Title an d Subitttt I. oats0eg

FLIGHT EVALUATION OF LORAN-C AS A HELICOPTER May 1981
NAVIGATION AID IN THS BALTINORI CANYON OIL '6. Pm, Orgnisetin Code
EXPLORATION AREA
7._ S. Pmfeming Org nibe*ion Reporl No.

*7. AulthOr's)

William A. Lynn FAA-CT-80-53
9. Performing Organisation Nme and Address 10. We Unit No. (TRAIS)

Federal Aviation Administration
Technical Center II. Cont,,cter Gn lN.
Atlantic City Airport, New Jersey 08405 045-390-130

12. Speonsoring Agency NMm* nd Address 13. Typo Report an Perid Cove td

U.S. Department of Transportation Final Report
Federal Aviation Administration March - May 1979
Technical Center 14. Spensering Agency Coda
Atlantic City Airport, New Jersey 08405

IS. Supplementary Notes

16. Abstact

A series o tlignc tests were conducted trom March through May 1979 to investigate
the use of long range navigation (LORAN)-C as a helicopter navigation system in the
offshore New Jersey Baltimore Canyon oil exploration area. Tests were flown aboard
the Federal Aviation Adminstration (FAA) Technical Center's CH-53A using a Teledyne
Systems TDL-711 LORAN Micro-Navigator. The purpose of the tests was to determine
the accuracy and operational usability of LORAN-C for offshore en route navigation
and nonprecision approaches. The total system accuracy met or exceeded the
requirements of Advisory Circular (AC) 90-45A "Accuracy Requirements of Area Navi-
gation Systems" for terminal and en route phases of flight, provided the .proper
LORAN triads were selected. The LORAN-C System did not meet AC 90-45A nonprecision
approach accuracy criteria.

17. Key Words 1. Distribution Statement
LORAN-C Document is available ti the U.S. public
Helicopter Navigation through the National Technical Information

Service, Springfield, Virginia ?2161

19. Security CI.ssf. (01 A,. r0W4o) 20. Security te..If. (of this peg) 21. Ng.. e P.' 22. Pric

Unclassified Unclassified 38

Form DOT F 1700.7 (0-72) Production of ,ed peg auth.ied

: ,,- . -,,



Technical Report Docvmeatgti~ q Poli
1. Report No. 2. Government Accession No. 3. Recipient's Catalog No.FAA-CT-81-35 A-122

4. Title and Subittl S. Report Dote

NATIONAL ICING FACILITIES REQUIREMENTS June 1981
INVESTIGATION 6. Perfonning Organiation C9.4

N. Performing Orgmanization Report No.
7. Authors s)

F.R. Taylor and R.J. Adams
9. Performing Organization Name and Address to. Work Unit No. (TRAIS)
Systems Control, Inc. (Vt.)
Champlain .Technology Industries Division i. Contrct or,,ntNo.
2326 S. Congress Avenue, Suite 2-A DTFAOI-80-C-10080
West Palm Beach, Florida 33406 13. Typo of Report nd Period Covered

12. Sponsoring Agency Name and Address

U.S. Department of Transportation Final Report
Federal Aviation Administration 16 Dec 1980 - 1 May 1981
Technical Center 14. Sponsoring Agency Code

Atlantic City Airport, New Jersey 08405
15. Supplementary Notes

16. Abstract

An analysis of National Icing Facilities requirements was performed at the
request of the Federal Aviation Administration. This effort consisted of a
five-month investigation to determine the scope and character of current and
future icing facilities needs. This investigation included current aircraft
needs as well as facilities that might be required for icing research,
development and certification testing through the year 2000.

The information used for this study included all icing certification
regulations for both fixed wing airplanes and rotorcraft. These regulatory
requ renents for icing certification were supplemented by a comprehensive
anal ysis of current and future aircraft operational requirements. This

- indepondent facility requirements assessment was then compared to a previously
publisoed riASA review of icing facilities capabilities.

. The conclusion was reached that the need for an inventory of National Icing
Facilities currently exists and will become intensified in the next decade.
The technical characteristics of these facilities were described and it was
reconended that a joint FAA/NASA/DOD Task Force be established to formulate
and spearhead the development of a National Icing Facilities Program.

17. Key Words 18 Distributiors Statoment

National Facilities Document is available to the U.S. public
Icing Tests through the National Technical Information
Icing Certification Service, Springfield, VA 22161
Meteorological Conditions
Icing Similitude

19 .. y C. 1 ... F .F iT , .r.port) 20. Seculity cI.,.,t C(l ib, a 21. N0. .5 PPoges 22. Price
Unclassified Unclassified I50

Form DOT F 1700.7 (0-72) Reproduction oF I ed page outhorized



AD-AI74 697 FAR HELICOPTER/HELIPORT RESEARCH ENGINEERING AND2/
DEVELOPMENT SIBILOGRAPHY 1964-1986(U) FEDERAL AVIATION
ADMINISTRATION WASHINGTON DC PROGRAM ENGINEE

UNCLSSIFIED R D SMITH NOV 68 DOT/FAA/P-86/47 F/G /3 L

II....



~ 32

1112.1

11111L2 IltII=*4

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

6F



Tecal Vcvert Decuescoo Pae

DOT/FA/RD-831/35 AD-AI02521 5 o**Dt
beveopmnt o a eliort lasifiatio mehodJune 1981

and an Analysis of Heliport Real Estate and 6. Pefe."i .nive,..,.Code
Airspace Requirements SSED/ESG

6. P "Iefteise O'Sawusefioa Rportm.

F. D. Smith, A.G. DeLuclen PAR- 018-81
9. P 0d,... Omiati. Moine md Addre.. M0. Work. Unit Me. (TitAIS)
PACER Systems, Inc.

*1755 Jefferson Davis Highway 11. Contract 0.G.ea N.

Suite 510 DOT-FA-Ol -Sn-C.. i0080
Arlington. VA 2202 33. Typo of Roet "a' Pe.. C..red

32. Sp.*-~ Agency Mt~. and Ada. FNALREOR
U. S. Department of Transportation JaNAry RETue18
Federal Aviation Administration January___toJune __1981

Systems Research & Development Service _F4. Sporns .~Agsncy Code

14ingt~,'. 12C .20591 FAA/IARn-1-10

A helicopter performance related heliport classification method is

developed which accomodates an applicable range of operating conditions

and factors which impact helicopter performance. Dimensional values

for use in planning both real estate and airspace surfaces are

determined for application to the identified heliport classifications.

Those values are incorporated into generalized guidelines for heliport

planners to meet site-specific and non-standard operational conditions.

Requirements for flight manual performance charts and published Nieli-

port information are also identified.
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* The report contains information from a variety of sources. The acknowledgement
page recognizes personnel that contributed to this report.

16. Abs',oct

Current weather services in support of the more than 800 helicopters operatingin the Gulf of Mexico is reviewed and the limitations noted. Means of improving
these services based on currently available facilities and ongoing research anddevelopment efforts are presented. Immediate improvements in weather services
can be attained by the implementation of a plan agreed upon by personnel of the
FAA, NWS and helicopter operators. Near-term (to 1986) and longer-term
(beyond 1986) developments in observations, forecasts, and communications that
can improve weather services are presented.
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16. Aba,,ect'

As part of the Helicopter Operations Development Plan, this document outlines
a phased study of area navigation applications in the control of low-altitude IFR
helicopter operations, with particular emphasis on methods of reducing controller
workload in order to make the use of direct ran4om routes feasible. Each of the
four phases of the plan embodies analysis, simulation, and validation. The study
is evolutionary; Phase 1 starts with the basic functions of generating conflict-free
routes, and maintaining positive separation between aircraft in areas outside of
radar coverage. Phase 2 introduces terrain problems in mountainous areas. Phase 3
investigates interactions between fixed and random routes, and between fixed-wing
aircraft and helicopters in major terminal areas. Phase 4 provides further compli-
cations in the study of off-optimum operations (interruptions in navigation, communi-
cations, and surveillance coverage) in which the airborne separation assurance
function will be investigated. A broad outline of the entire plan is presented,
with a detailed schedule of the first phase.
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Flights under Instrument Flight Rules (IFR) require the filing of a flight
plan. The flight plan must contain an alternate airport unless certain conditions
at the destination are met. These conditions concern the availability of an Instru-
ment approach procedure and anticipated meteorological conditions within one hour
of the estimated arrival time. Certain other conditions must be met for an airport
to qualify as an alternate airport. These conditions also are based on instrument
approach procedure availability and forecast meteorological conditions. Relaxation
of the current requirements regarding alternate airports could benefit some aircraft
operators by improving schedule reliability and reducing the number of weather related
departure delays.

The investigation quantified the increased risk of ceilings and visibilities being
below landing minimums at several cities In the conterminus U.S. if requirements are
relaxed. The study methods utilized climatology data and weather deterioration
models to calculate the probability of an airport being below precision and non-
precision approach minimums.

The preliminary findings indicate that relaxing the current alternate airport
criteria would increase the risk that an airport would be below landing minimums.
It was also shown that this increase in risk could be offset by limiting the
relaxation of. the regulations to those flights which are of short duration (less than
two hours). Possible changes to the current Federal Aviation Regulations regarding
alternate airports are presented.
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June 1981

ENGINEERING AND DEVELOPMENT PROGRAM PLAN - HELICOPTER 6. Performing Orgo.ioon Code

ICING TECHNOLOGY RESEARCH
111. Perfomong Organizatlon Report No."7. Autho r'&)

Flight Safety Branch, ACT-340 FAA-CT-81-180
9. Performing Organization Name and Address 10. Work Unit No. (TRAIS)

Federal Aviation Administration

Technical Center 11. Contract or Grant No.
Atlantic City Airport, New Jersey 08405 182-340-000

13. Type of Report end Period Covered

12. Sponsoring Agency Name aid Address

U.S. Department of Transportation Program Plan
Federal Aviation Administration
Systems Research and Development Service 14. Sponsoring Agency Code

.Washington, D.C. 20590
15. Supplementary Notes

This program plan forms the basis of the section on helicopter icing in the agency
H:licopter Operations and Airworthiness Research and Development Plan (Report Number
F-'A-RD-78-1O1, dated September 1978).

16. Abstract

The Federal Aviation Administration (FAA) program discussed in this plan is
ettablished to provide an identification of the helicopter icing problem as it is
c rrently known, the methodology, and the resource requirements for conduct of the
efforts necessary for resolution of known problem areas. This program plan defines
fiur specific subprograms: (1) Icing Atmospheric Research for helicopters (which may
t, applicable to other low-altitude, slow-flying, fixed-wing aircraft); (2) Test and
Ck-erational Technology necessary to enhance safety during helicopter icing testing and
i:e protection operations system technology for application to helicopters; (3) the
t.cbnology such as simulation testing and analytical techniques for development and
t~sting of helicopters for flight in icing conditions; and (4) the development of
technology for use by the FAA in its regulatory and advisory documentation efforts
ito assure safe, timely, and cost effective certification of helicopter ice protection.

,sults of efforts under this program are intended to be directed primarily to
gulatory authorities of the FAA for implementation as appropriate and necessary.

t17. Key Words 16. Distribution Statement

T elicopter Icing Document is available to the U.S. public
Ie P!otection through the National Technical Information
.i.g Test Facilities Service, Springfield, Virginia 22161
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INSTRUMENT APPROACH AIDS FOR HELICOPTERS July 1982
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Edwin D. McConkey and Ronald E. Ace
9. Performing Orga n ization Name and Address 10. Work Unit No. (TRAIS)

Systems Control Technology, Inc.
2326 S. Congress Ave., Suite 2A DTFA-1-80-C-1008 
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12. Sponsoring Agency Name and Addres Final Report
Department of Transportation January 1981-January 1982
Federal Aviation Administration 14. nsoring Agency CodeSystems Research and Development Service . ,AR,D-330
Washington, D.C. 20590 .... ARD-330

15. Supplementary Note.

" 16. Abstract
This report identifies the various instrument approach procedures that are

available to the helicopter operator. Emphasis is placed on the recently
approved "Helicopter Only" procedures, the criteria for which are contained in
Chapter 11 of the Terminal Instrument Procedures Handbook.

The objective of this study was to examine currently available solutions
to helicopter approach needs. The study also covers new and innovative solutions
to helicopter approach requirements. This was accomplished by:

I Identifying the various navigation aids now being used
which may have general application to U.S. helicopter operations.

I Describing typical locations of use, typical approach
procedures, and minimums for each of these aids.

I Providing estimated equipment costs for both the ground
and airborne portions of these systems.

I Discussing the rationale used to support the use of a
particular aid at a particular location or in a specific
operational environment.

Results of this investigation are presented in the form of a series of
helicopter instrument approach options for the user.

17. Key Wor, I. Distr ubtionr Statement
INSTRUMENT APPROACH PROCEDURES Document is available to the U.S. public
NAVIGATION through the National Technical Information
HELICOPTERS , Service, Springfield, VA 22161
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7. Auoibse o)

John G. Morrow DOT/FAA/CT-81/72
9. Perferm eng O emisetien Name ud Add.r.q . 10. Werlw U.et Me. (TRAIS)
Federal Aviation Administration
Technical Center 11. 0n, '

- Atlantic City Airport, New Jersey 08405

13. Type of Report end Pered Coveted

12. Sponseing Aeosey N ormp end Add#*&*
U.S. Department or Transportation Final Report
Federal Aviation Administration July 8-9, 1980
Systems Research and Development Service I. eSpe..nA.-cceeel.do

Washington, D.C. 20590
IS. Supplemontery Notes

16. Abetc,

Flight tests of two Loran-C airborne navigators were conducted in the Gulf of Mexico
-" oil/gas exploration and production area. Two systems were installed in a Federal

Aviation Administration (FAA) CV-580 aircraft to examine simultaneously the perform-
ance of a Loran-C receiver operated in an area-'calibrated mode and one operated in
an uncalibrated model. Two separate test routes were flown over a period of 2 days.
These routes covered the central and western test areas of the Gulf of Mexico and an
overland route from Palacios, Texas, to Lafayette, Louisiana. An Inertial Navigation
System (INS) was used as a position reference standard. The INS data were updated
to correct for drift. Accuracy of the position reference from the corrected INS
data was t0.3 nautical mile.

Tr-.e flight tests indicated that the use of area calibration greatly increased the
ayea of compliance with Advisory Circular 90-45A en route accuracy requirements in
the flight test.

This report is a followup of report No. FAA-RD-80-47 (FAA-CT-80-18), "Flight Test
Investigation of Loran-C for En Route Navigation in the Gulf of Mexico."

17. Key Wotds 9. D6s"1luaie o $ o nt

Loran-C This document is available to the U.S.
En Route Navigation public through the National Technical
Area Navigation Information Service, Springfield,
RNAV Virginia 22161
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Robert J. Esposito DOT/FAA/CT-81/73

9. Peroraing O'gel seo'.n Neo end Addres 10. Wek Unit N. (TRAIS)
Federal Aviation Administration
Technical Center I1. C.,r,.t or ,.e.m N..
Atlantic City Airport, New Jersey 08405 049-330-110

13. Type of Rlope, end Peied Co.red
2. Spoe oong Agency Memo. end Add'.s.
U.S. Department of Transportation Interim Report
Federal Aviation Administration April through December 1980
Systems Research and Development Service I,. Spomnori.nAgencyCede
Washington, D.C. 20590

15 sufeolet entery Notes

16. Abstrect

The Federal Aviation Administration (FAA) receiveJ a Navigation System Using Time
and Ranging (NAVSTAR) Global Positioning System (GPS) Z-set for independent test
and evaluation after this receiver was acceptance tested aboard a United States
Air Force C-141 aircraft over the Yuna Proving Ground instrumented range. This

report describes the initial familiarization studies conducted by the FAA in a twin
turboprop engine Grumman Gulfstream with the Z-set in a stand-alone configuration.
The familiarization studies included satellite shielding tests, satellite
acquisition/reacquisition tests, nonprecision approaches to five east coast airports,
and operations in high noise/radiofrequency interference (RFI) environments (over
airports, cities, and television towers).

'17. Key Words IS. Di stribution Statement

NAVSTAR-GPS This document is available to the U.S.
Z-Set Receiver public through the National Technical
Global Positioning System Information Service, Springfield,
RFI Tests Virginia 22161
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FAA ACCEPTANCE TESTS ON THE July 1982
NAVIGATION SYSTEM USING TIME AND RANGING 6. Perdevoila Oftemiu....n Code
GLOBAL POSITIONING SYSTEM Z-SET RECEIVER ACT-100

Robert J. Esposito DOT/FAAICT-81/75
9. Po.heming Otgoriatie Nine sod Add... 10. Werh Wit. Me. (TEAlS)

Federal Aviation Admisistration _______________

Technical Center 11. Closrost. or.. OmiNo.
Atlantic City Airport, Now Jersey 08405 049-330-110

13. Tpp. of Report and Period Cevoeed

12. Sponsoring Alpovey New. and Addess
U.S. Department of Transportation Final Report
Federal Aviation Administration June 1979 - December 1979
Systems Research and Development Service d4. Ilsoeei, Atmy Cedie

Washington, D.C. 20590______________

Is. Swiioleffbtoey NVo

16. Abetteet

This report describes Federal Aviation Administration (FAA) acceptance teats on the
Navigation System Using Time and Ranging (NAVSTAR) Global Positioning System (GPS)
Z-set receiver which were conducted in a United States Air Force (USAF) System
Command C-141 aircraft over the instrumented range located at the Yumia Proving
Ground. The Yuma laser tracking system computed a reference trajectory against which
the GPS receiver solution was compared. Data from five flights, totaling over 6
hours, are presented with the objective of assessing Z-set capabilities to meet civil
aviation requirements for nonprecision approaches.

Global Positioning System This document is available to the U.S.
NAVSTAR/GPs public through the National- Technical
Z-Set Receiver Information Service, Springfield,

Virginia 22161
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30 Loran-C Navigator Documentation January 1982
6. Performing O,9orriaot~em Code

8. Perrming Oeieliff" Pepoft No.
7. Aursos)

Eric H. Bolz, Larry D. King
9. Pr,,qn,nil 0,geniveoen Nome end Addr.es 10. Werk Unit Me. (TRAI$)

Systems Control Technology, Inc.
2326 S. Congress Ave., Suite 2A II. Cotr.eerG,.,nte.

West Palm Beach, Florida 33406 DTFAO1-80-C-I0080
13. Type of Ropo,p end Polij Covered

12. Sponsoring Ag.cy N.m. and Add.es Final Report
Department of Transportation May 1981 - January 1982
Federal Aviation Administration
Systems Research and Development Service 3. Ssoring AgencyCod

Washington, D.C. 20590 ARD-320

15. SuppIlemen.ery Noes.

16. Abstrct

The purpose of this task was to develop a 3D Loran-C Navigator by
configuring an interface unit between an airborne Loran-C navigator (Teledyne
TDL-711) and an Altitude Alerter/VNAV Guidance system (Intercontinental
Dynamics model 541). The digital computer-based interface unit was designed to
allow the flight crew to specify the approach slope (3.0 to 9.9 degrees).
This report documents the hardware and software in the interface unit, and
interconnection with the other involved systems.

The availability of accurate, three-dimensional approach guidance
information at airports where no ILS is available provides significant
operational advantages, to helicopter operators in particular. The 3D Loran-C
navigator system was bench tested and flight demonstrated. Smooth, accurate
(within the limitations of Loran-C) descent guidance information was obtained.

-,

17. Key W,ds Is. DOs,,ubution SrteemeI
This documnt is available to the U.S.INSTRUMENT APPROACH, LORAN-C, public through the National Technicel

PRECISION APPROACH, 3D NAVIGATION, Informtion Service, Springfield,
VNAV, MICROCOMPUTER APPLICATIONS Vingini 22161.
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4. Tdo m SubitleNovember 1982.
LORAN-C EN ROUTE ACCURACIES IN THE CENTRAL 6. Pech.ons Or96fis4*10 CP4.

APPALACHIA REGION ACT-100

7.Atori)Frank Lorge DOT/FMI/CT-82/32
9. Poteemi.n* 0#sist keswe ed Ad**&&. 10. V.A Wit6 Me. (TRAIS)

Federal Aviation Administration
Technical Center 11. ceIre of Oro.n..

Atlantic City Airport, New Jersey 08405 045-390-130
13. Type *I Report mnd Period Covered

12. Sponsori~ng Age...y None end Address
U.S. Department of Transportation Final Report
Federal Aviation Administration April 1980
Systems Research and Development Service T. -Spe-s..g Agency Code

Washington, D.C. 20590
15. Su~Iomenteey Not.s

Flight tests were conducted in the central Appalachian Region of the United States
to measure en route Loran-C position accuracies at low altitudes in mountainous
terrain. Receivers were configured to use the Northeast and Great Lakes Chains of
Loran-C transmitters during the flights w~hile position information and receiver

status were recorded. Comparisons vere made betveen each of the recorded Loran
positions and position information derived from the Inertial Navigation System.

The results were compared against Advisory Circular (AC) 90-45A accuracy criteria
for the en route phase of flight. It is concluded that both the Northeast United

States Chain and the Great Lakes Chain meet AC 90-45A en route accuracy criteria
over the entire flight test area.

17. Key Words 15. Disribution Sq.9.ment

Loran-C This document is available to the U.S.
Navigation public through the National Technical

Radio Navigation Information Service, Springfield,
Low Altitude Navigation Virginia 22161
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APPLICATION OF THE MICROWAVE LANDING SYSTEM ,September 1982
TO HELICOPTER OPERATIONS . e. .o,,e,.,,.. C.

I. porlem. . g 0.ernilla.t. Report No.
7. Awvo,&)
E.D. McConkey, J.B. McKinley and R.E. Ace
9. Performing O,9nixoion Noe an.d Address 10. work Unit N.. (TRAIS)Systems Control Technology, Inc.
2326 South Congress Avenue, Suite 2A II. Coae or Gret III
West Palm Beach, Florida 33406 DTFA-]-80-C-IO080

13. type of Report end Period Covered

12. Spensori g Agency Nme end Address Final Report
Department of Transportation
Federal Aviation Administration 4. Sponsoring Agency Code
Systems Research and Development Service ARD-330
Washington. D.C. 20590 ARD-330

15. Supplementary Not.

16. Abstrlct

This report identifies ways in which the Microwave Landing System (MLS) can
be utilized to aid helicopter operations. Consideration is given to the following
study areas:

- helicopter instrument approach requirements by type of operation
- helicopter instrument approach requirements by operational area
- types of potential approach procedures that could be used by helicopters
- helicopter performance considerations during approach, landing and

missed approach procedures
- ground and airborne MLS equipment
- benefits and costs associated with the use of MLS in helicopter operations

The operational areas considered in the study are: city centers, major hub airports,
non-hub airports, remote areas, and offshore oil rig support. MLS procedures can
be applied to each of these operational areas. From an economic standpoint,
operations at city center heliports, major hub airports, non-hub airports, and
remote areas will have benefits that exceed costs if operations counts are
sufficiently large. Offshore operations will not have benefits that exceed costs
due to the availability of alternative approach procedures.

17, Key Words I. Ditriblrtioe Steome9n
Helicopters Document is available to the U.S. public
Microwave Landing System through the National Technical Information
Instrument Approach Procedures Service, Springfield, Virginia 22161,

*Navigation

19. Securi ty Cle,,I. (of Otis repeol 21. Sererr Cl..,;9. (.5 0.i apse) 21. N. of Peg. 22. Pnce

Unclassified I Unclassified 124

Form DOT F 1700.7 (8-72) Reproductlon of completed page uthoelllsd

I -Y



Technical Report Documientation Pae
2.Reot o Goveenement Accession No. 3, Reipient*s Catalog N.
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June 1982

NORTHEAST CORRIDOR HELICOPTER AREA NAVIGATION 6. Psefoming Organization Code
ACCURACY EVALUATION

_______________________________________________________ . Performidng Organisation Reportm.

SJack D. Edmonds DOT/FMI/CT-82/57
9.* Paet~mn 0reite N mq on$ Addes. 10. Work Unt No. (TRAIS)
FederalT Aviato 1141eAdministration
Technical Center 1.oti
Atlantic City Airport, New Jersey 08405 &!MC~~~9..G~e

13. Tytpe of Report and Period Covered

12. Sponsoring Agency Name and Address Data Report
Federal Aviation Administration July 1979 - April 1980
Technical Center 14. Sponsoring Agency~ Code
Atlantic City, Airport, New Jersey 08405

This report presents area reduced navigation accuracy test flight data collected
along an experimental area naviation route sttucture - the so-called Northeast
Corridor. This corridor is an experimental helicopter airway structure extending
between Washington, D.C., and Boston, Mass. It consists of 2 one-way, reduced width
(4 nautical miles (nmi)) airways including one route spur from Allentown, Pa. These
flight tests were a joint effort of the Federal Aviation Administration and the
Helicopter Association International (HAI). The objective was to determine if the
NEC coulJ be navigated within the 4-nmi airway boundary at the 95 percent confidence
level required by Advisory Circular (AC) 90-45A, "Approval of Area Navigation
Systems for Use in the U.S. National Airspace System."

17. Key Words 18. Dis'vibittism Statement

Northeast Corridor Document is available to the U.S. public
Area Navigation through the National Technical Information

* Total System Cros strack Error Service. Springfield, Virginia 22161
Helicopter Navigation
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32. Sponsoring Agency Name end Address

Department of Transportation Consulting Report
Federal Aviation Administration
Systems Research and Development Service 14. Sponsoring Agency Code
Washington, D.C. 20591 ARD-300

15. Supplementary Notes

16. Abstruct

The cosite electromagnetic compatibility aspects were evaluated for the
simultaneous operation of a prototype civil-use GPS receiver and other
avionic systems on board four specific aircraft ,configurations.

17. Key Words 18. Distribution Statement

Electromagnetic Compatibility This document is available to the U.S.
GPS public through the National Technical
Boeing 747 Information Service, Springfield,
Boeing 727 Virginia 22161.
Rockwell Aerocommander
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IS. suffometeup Noes.

16. Abtect

The Federal Aviation Administration Technical Center performed this effort under the
Technical Program Document 04-109, subprogram 049-311, project Navigation Satellite
Timing and Ranging (NAVSTAR)/Global Positioning! System (GPS). The report covers
the exploratory laboratory test in 1981 and 33-hour flight test from June through
July 1981 of the single channel CPS receiver (Z-set) manufactured by Magnavox and
procured by the Department of Defense (DOD). The report documents the performance
of the Z-set in the laboratory and during different flight profiles including rec-
tangles, orbits, radials, nonprecision approaches, and area en route flights to the
Philadelphia, Dulles, Norfolk, Wilmington, and John F. Kennedy Airports during
periods when up to five satellites were visible to the antenna.

17. Ify e rp W.d 5 i..ib..ti.. stoto...

NAVSTAR This documqtnt is available to the U.S.
Global Positioning System (GPS) public through the National Technical
Z-Set Information Service, Springfield,
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Frank Lorge DOT/FAA/CT-82 /76
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Federal Aviation Administration
Technical Center 11. c.....o., 0,01 He.
Atlantic City Airport, New Jersey 08405 045-330-130

13. "r,. of Now, end Pe.,.d Co.eed
U.S. Department of Transportation Final Report

Federal Aviation Administration Sept. 1981 - Jan. 1982
Systems Research and Development Service Ii. S.m ngoA -c Ced"
Washington, D.C. 20590

15. Svpplomene ery NoeOs

16. Abs-oct

This report describes a flight test designed to investigate the suitability of
Loran-C as a nonprecision approach aid in the Northeast Corridor (NEC). Approaches
were flown at six selected airports in the NEC by a CH-53A helicopter using Loran-C
for course guidance. Accuracy criteria specified in Advisory Circular (AC) 90-45A
were used as the standard for acceptability. Data were recorded for Loran in area
calibrated and uncalibrated modes along with very high frequency omnidirectional
radio range (VOR)/distance measuring equipment (DME) raw sensor data for comparison.
The results show that the group repetition interval (CRI)-9960 Northeast U.S.
Loran-C chain met AC 90-45A requirements for nonprecision approaches in all cases
when a local area calibration was applied. The uncalibrated mode met AC 90-45A
requirements at four of the six airports. It was determined that the Seneca,
Nantucket, Carolina Beach triad should be used for navigation throughout the flight
test area.

Loran-C This document is available to the U.S.
-"'TnprEc. ision Approach public through the National Technical
Northeast Corridor Information Service, Springfield,
Area Navigation (RNAV) Virginia 22161
Helicop er Navigation
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IS. s4oolooaetey No*'

16. Ab.'s,

The Federal Aviation Administration (FAA) Tqchnical Center conducted this test
project under Technical Program Document (TPD) 04-150 to determine the operational
suitability of the Navigation Satellite Timing and Ranging Global Positioning System
(NAVSTAR GPS) for rotary wing aircraft. The flight tests were conducted in a CH-53A
helicopter using a prototype low cost GPS receiver, the Magnavox Z-set. Over 15
hours of radar tracked en route and nonprecision approach flight tests were flown
with two-dimensional GPS derived guidance (crosstrack and distance-to-go) used as the
primary navigation system.

This report includes tabulated statistical analysis of navigation errors for the
flight test route segments flown. The results of the data presented in this report
are summarized, analyzed, and discussed in the FAA Technical Center final report
number FAA/CT-82/74, "Helicopter GPS Navigation with the Magnavox Z-Set."
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15. Supplementary Notes

16. Abstract
With the increasing number of IFR certificated helicopters and improvements in
electronic approach guidance systems, many helicopters will soon be capable of
executing IFR approaches to heliports. In order to support these operations,
an TFR lighting and marking system is required.

This project plan describes an effort to develop and evaluate Visual Guidance
Systems to support heliport operations during Instrument Meteorological
Conditi)ns (IMC). Project to include the following:

a. Survey of Instrument Flight Rules (IFR) heliport visual aids presently
in use and review of previous flight test reports.

b. Development of new and modified visual guidance aids/systems.

c. Flight testing of the proposed system at an operational heliport.

A formal report detailing results of the developmental testing and evaluation, and
giving recommendations for components and configuration of a standard IFR heliport
lighting and marking system will be issued.
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15. SUp9, le9etoPry Hoeos

16. Aheoreet

The Federal Aviation Administration Technical Center conducted this test project

under Technical Program Document (TPD) 04-150 to determine the operational suita-

bility of the Navigation Satellite Timing and Ranging Global Positioning System

(NAVSTAR GPS) for rotary wing aircraft. The flight tests were conducted in a

CH-53A helicopter using a prototype low-cost GPS receiver, the Magnavox Z-set,

over a period of performance from July 1981 to January 1982. Over 15 hours of

radar tracked en route and nonprecision approach flight tests were flown with two-

dimensional GPS derived guidance (crosstrack and range to go) used as the primary
navigation system.

This report includes laboratory and flight test results that demonstrate perturba-

tional effects from the following conditions: multipath, satellite shielding, user-

satellite geometry, vehicle dynamics, weather, and navigation satellite constella-

tion change. The flight test data were analyzed in this report for compliance with

the requirements of Advisory Circular (AC) 90-45A and the technical and operational

issues specified in the Federal Radionavigation Plan (FRP).
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ALASKA LORAN-C FLIGHT TEST EVALUATION March 1983
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Department of Transportation
Federal Aviation Administration 1 Ss-oe4aAg-y'C.d

800 Independence Avenue, S.U. FAA APM-420
Washington, D.C. 20590 FAA AP_-420

CS. Supemi~N ..
IMP

This report contains the description and results of a Loran-C flight test
program conducted in the State of Alaska. The testing period was from August 1982
to September 1982. The purpose of the flight test was to identify applicable
Loran-C accuracy data for the Alaskan air taxi and light aircraft operators so
that a Supplemental Type Certificate (STC) can be issued in the Alaska Region for
the Loran-C system tested (Teledyne TDL-711).

Navigation system errors were quantified for the Loran-C unit tested. The
errors were computed from knowledge of position calculated from ground truth data
and the indicated position of the navigator. Signal coverage, bias and flight
technical error data were also obtained. Multilateration ground truth, photographic
ground truth, and data acquisition systems were carried aboard the test aircraft.

The tests were concentrated in the southwest part of the Alaskan mainland.
An interconnecting network of routes west of Anchorage and south of a line from
Fairbanks to Kotzebue were flown for data collection. Of particular interest was
the area around, and to the west of, Bethel where there are currently very few aids
to air navigation.

The North Pacific Loran-C chain with stations at St. Paul Island (Master),
Port Clarence (Yankee) and Narrow Cape (Zulu) was used in this area. Test results
indicate that Loran-C has sufficient signal coverage and accuracy to support aircraft
enroute navigation in much of the test area. In the area around Anchorage the test
unit failed to consistently acquire and track the signal, however. Further analysis
of te data and testing are required in the Anchorage area.

NAVIGATION Document is available to the U.S. public
" L.PAIJ-C through the National Technical Information

! .'GHT TEST Service, Springfield, VA 2261
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12 $perwseeino Ageroey ke.t ent Address
U.S. Department of Transportation Final
Federal Aviation Administration
Systems Research and Development Service 1-sotcigA~yCd

M~Washington, D.C. 20590

This report is a compilation of general aviation safety research issues extracted
and summarized from recent studies conducted by the Federal Aviation Administration
(FAA), other government agencies, and the aviation Industry. It offers an overview

Sof conclusions and recommendations that highlight current and future problem areas
S in general aviation. The report addresses the expressed needs as defined by these

studies which counsel research and development relevant to the interrelationships
of man, machine, and environment to effectively improve the general aviation safety

record.

* r--n Trair~ing Document is available to the U.S. public
' r-7afr. Safety through the National Technical Information

* (,!ueral Aviation Safety Service, Springfield, Virgi.nia 22161
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ICING ACT-340

Flight Safety Research Branch, ACT-340
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Federal Aviation Administration

Flight Safety Research Branch, ACT-340 I* . , ,

Atlantic City Airport, New Jersey 08405 182-340-200

13. TVPp of Repwle .li Poe,.d C..sd
'12. Speassmiag **,,,fy N~.. An Ad&*&*l
U.S. Department of Transportation

Peoeral Aviation Administration Program Plan

Washington, D.C. 20591 71. C.J.

IS. A16istetw

A Federal Aviation Administration (FAA) research program is presented to identify

the aircraft icing problem and discuss the methodology and resource requirements

planned to resolve them. This program plan is divided into three subprogram areas:

(1) Atmospheric Criteria - The development of meteorological icing certification

criteria to permit safe flight operations for all types of aircraft in all types of

icing conditions; (2) Procedures and Technology - The development of technical

data necessary to enhance certification and operational use of advanced ice 
protection

concepts; (3) Simulation Techniques - The use of computer and facility icing simula-

tion technology to enhance the certification process. All program efforts described

fall into the area of regulatory development and technical support.

Heavy reliance is placed on cooperative efforts with other government agencies with

expertise and icing facilities.

17. K*7 we'rols I. Dtsi

Atrcraft Icing, Helicopter Icing, Ice

Frotection, Icing Test Facilities,

Simulation, Meteorological Icing
Criteria
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Kicuard K. Jeck
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Naval Research Laboratory

4535 Overlook Avenue, SW I. Contract o, G,,n' No.
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U.S. Department of Transportation
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FAA/ACT- 340

15 S;jTe~o No,&$

F,0 (ontrart F.7o' ;

16 A6,,,oc'

".. --ilc- (nni) of airborne measurements in a variet,. o
SU.' k.ol1 , c-.u,: t%'e' an we-ther conditions up to 10,000 feet (3 kilometers)

a,' cr,: , (I. V ,av'c been computerized to form a nev. Data Base of cloud
varia : a",>c!-Ic to low altitude aircraft icing studies. Half of the data is

. . fligts conducted by t:he National Advisr%
Commtte, for Acrwnautics (NACA) in 1946-50. The other half is from recent
•. .t,. .. 4,,tS UN thQ Naval Researcli Laboratory and other organizat.o:-..
mostly over the conterminous United States (CONUS) and nearby offshore areas. 71-c
D.ts Basc includus liquid water content (LWC), cloud droplet median volume diar-etcr
( , L air terperature (OAT), horizontal extent and altitude of un_,for-

ciCt: iitu.r'vav.; a well as information on cloud type, weather conditions, date and
geographic location, and other data.

A v.urL:tLv of analyses are illustrated which yield these principal conclusions:

The :'ACA and rnder:- CO::L'U measurements generally agree in most aspects for s
amounts of data in similar cloud and weather conditions. The Intermittent
Maximum and Continuous Maximum "envelopes" in the Federal Aviation Regulations.
Part 25 (FA-25), Appendix C, do not correctly describe the icing environment for
altitudes up to 10,000 feet AGL. The average ice accretion rate appears to be in(;-

pendent of altitude between 2000 and 10,000 feet AGL.

V ",i, r7, : Liquid Water Document is availablo to the U.S. nu 1 ,

4 t{ ( > r tC. 2P [Content through the National 7echnirnl
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t ions Virginin 22161
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Final Report

14. speno,,.ng Agn. y Ca.

15S 1.ppie.*ntet Notes

16 AbW,,sct

Icing envelopes wnich effectively ciiaracterize supercooled clouds from ground level to

1u,uCOu feet above ground level over the conter[ainous United States have been generated

trom a new aata base or aerial observations. This data base, recently established via

an Interagency Agreement between the FAA and the Naval Research Laboratory is tne

largest, most significant compilation of low-altitude supercooled cnaracteristics

current i. in existence. It is intended that this new characterization serve as a

basis tor the establishment of design criteria and regulations that pertain to ice

protection systems and equipments for low performanlce aircraft which typically

operate below lO,UUU feet. This new characterization groups the supercooled cloud

properties ror all cloud types observed into three temperature ranges and presents

their associated values of liquid water content (LWC), range of median volume droplet

diameters (IVD), and icing event duration. Details of the analysis process are

* discussed wnich use a least squares logaritnmic regression estimation technique to

* predict tne extreme values of supercooled cloud properties.

* ; cr~it liX Document is availale to the U.S. public
ng througn the National Tecnnical lntocmation

..up(rc.joluJ Clouds Service, Springfield, Virginia 22161
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L.D. King, K.J. Venezia and E.D. McConkey
9. Po.q..wi 01g.,i..i~o% Me.. an.d Add..,, 10. V.A UM# e . (INNS)1
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Systems Control Technology, Inc. 11. c."e".W'GrantN.
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12. St...,; A- N- ...d Add...
Depar , iitf ransporta tion FINAL REPORT
Federal Aviation Administration
800 Independence Avenue, S.W. 1.s.. tecj
Washington, D.C. 20591 IC7

This report contains the description and results of a Loran-C flight test program
conducted in the continental United States (CONUS). The data collection period was
during July 1983. The purpose of the program was to collect Loran-C signal covrng
and accuracy data representative of low altitude, low speed op erations typical of
helicopters and general aviation aircraft.

*The test aircraft used was a Beechoraft Queen Air, Model 65. The aircraft was
configured with a data collection palate and multipin electrical connectors locate4
In the aircraft cabin. A Teledyne TDL-711 navigation receiver was used in the test,
utilizing an R-field antenna mounted on the top of the fuselage. A microprocessor
controlled data collection system, utilizing a scanning DME and other aircraft
navigation instruments, was used to record data and establish aircraft reference
poattion.

Route segments, totaling over 9500 m covering much of CONUS, were flown during the
p roj ec t. Data were recorded on all route segments. Over 12,000 data points were
used in the accuracy analysis. Calibration procedures, used at five locations,
reduced errors throughout an area within a 75 nm radius of the calibration point.

,xvigation Document is available to the U.S. Public
Flight Test through the Netioui:% Technical
Loran-C Information Service, Springfield, VA

22161
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Barry R. Billmann DOTIFAAlC'r-83 /40
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Federal Aviation Administration
Technical Center 11. mew.. ,. e.

*Atlantic City Airport, New Jersey 08405 052-244-340
13. Toop ef Rop..* god pusiod C~eftd

12. Sponser~nS A*...p N.~ and Add...

U.S. Department of Transportation Final Report
Federal Aviation Administration
Technical Center "1._0"w~ 0" Cede
Atlantic City Airport, New Jersey 08405

16. Absopect

Rotorcraft operating characteristics may require a collision avoidance system to
perform a substantially different function than Is provided to conventional fixed
wing aircraft by Traffic Alert and Collision Avoidance System (TCAS) I or the Minimum
TCAS II. This paper has been prepared to provide analysis of environmental conditions
and operational characteristics of near mid-air collision situations Involving
rotorcraft. The analysis is intended to provide data In establishing preliminary
human factors and procedural design requirements for a rotorcraft collision avoidance
system. The information should be used to establish TCAS Rotorcraft Program
experimental requirements.

UKey .d S 0o.ubuea S....mst
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Heli~copter Document.1s available to the U.S. public
Mid-Air Collision ithrough the National Technical Information
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16. Absi,ect

This test plan describes a series of tests that will be conducted over the
next several years to evaluate Global Positioning System (GPS) receivers in
different phases of navigation, different physical situations, and environmental
conditions. The test plan will consist of a number of detailed test descriptions
that will be incorporated into the plan as the GPS test program continues and
the need arises.
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16. Abs,ocv

This flight test plan describes the methodology for determining an optimum
azimuth and elevation course width for Microwave Landing System (MLS)
approaches to a collocated MLS installation at a heliport. The flights will
be conducted at the Federal Aviation Administration (FAA) Technical Center,
Atlantic City Airport, New Jersey, using a UH-lH helicopter. This effort will
provide a data base for determining the course width to be utilized in future
helicopter MLS flight test activity scheduled to be conducted at the Technical
Center. The data collection and data reduction and analysis of the flight test
data are discussed, and a schedule for the completion of the associated tasks
is presented.

17 K*y w,.4 III 0. i'.b*,o~e . e.

Microwave Landing System (MLS) Document js Gn file at the Technical
Terminal Instrument Procedures (TERPS) Center Library, Atlantic City Airport,

N.J. 08405
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U.S. Department of Transportation February-December 1984
Federal Aviation Administration
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16. Abi,ac

This flight test plan describes the methodology for a data collection flight test
using the Microwave Landing System (MLS) for precision approaches to a collocated MLS
installation at a heliport. The flight rests will be conducted at the Federal
Aviation Administration (FAA) Technical Center, Atlantic City Airport, New Jersey,
using the Center's Sikorsky S-76 helicopter. This effort will provide a data base
for procedures specialists to develop departure procedures and in MLS approach
procedures to a helipad. The test development, test equipment, data collection, and
data reduction and analysis of the flight data are discussed. A schedule for the
completion of the associated tasks is presented.

TERPS Document is on file at the Technical
MLS Center Library, Atlantic City Airport,

New Jersey 08405
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HELIPORT SNOW AND ICE CONTROL August 1984
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7. Autor' s)

J.B. McKinley and R.B. Newman
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Washington, D.C. 20591 APM-720

15. Supplementary Notes

16. Abstract

Guidelines for snow and Ice control on heliports are presented for the
purpose of both enhancing the operational utility of heliports, and employing
the unique capabilities of the rotorcraft to the maximum extent. These
guidelines consider manual methods of snow and, ice control such as plowing
and chemical application, and automated methods through pavement heating
systems. Cost and design considerations are provided for each system.
Benefit/cost decision guidelines are provided with estimated annual operating
cost data for 32 U.S. cities, and six snow and ice control methods. In addition,
selection guidelines provide a methodology to assist heliport planners and
designers with the selection of the most appropriate snow and ice control system.

i Y i. Distibuitioni Statement
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SNOW Public through the National Technical
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16 Abst,uc,

Current structural desi.gn guidelines for heliports are analyzed using data

obtained from the literature and from surveys of helicopter manufacturers, heli-
port design consultants, and heliport operators. Primary topics of interest in
these analyses are the loads on heliport structures caused by helicopter hard
landings, rotor downwash, and helicopter vibrations. A new analysis, based on
reliability theory, is proposed for determining the helicopter hard landing load
magnitudes appropriate for structural design. Results from this analysis indicate
that the current FAA heliport structural design guidelines are adequate for medium
to high volume heliports and conservative for low volume facilities. Additional
analyses indicate that rotor downwash pressures and helicopter-induced vibrations
are not critical loading conditions for most heliport structures. Guidelines for
appropriate load combinations for heliport structural design are also presented.

. o ,Nl. Doeftbootst Statement

Heliports; Landing Loads; Gear Loads; This document is available to the U.S.
helicopter Downwash; Helicopter Vibra- public through the National Technical
tions Information Service, Soringfield, Vir-

ginia 22161.
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16 Abattuct

This report presents a heliport wind assessment methodology for evaluating
and potentially minimizing the influences of building-induced wind on heliport
operations.

Descriptions and illustrations of wind flow patterns and characteristics for
both isolated and multiple building configurations are provided to asaist
heliport planners, operators, and helicopter pilots in understanding the problems
associated with building-induced winds. Based on geometric flow patterns,
general guidelines for ground level and rooftop heliport placement are provided.

Additional guidelines for determining the area of wind influence about
isolated and multiple building configurations are detailed. Rules for
calculating the distance from the sides of buildings for heliport siting is
provided, as well as, rules for calculating the area of Influence from any wind
direction. Lastly, rules are defined for calculating the area of influence of,
buildings with respect to the prevailing climatic wind conditions.

Recommendations are delineated for further data gathering and evaluation to
validate and enhance the heliport wind assessment methodology.

Heliport This document is ava !able to the public
Helicopters through the National Technical Information
Wind Flow Service. Springfield. Virginia 22161.
Turbulence
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16. Abstract

A procedure is developed for providing weather forecasting guidance over the
short period between I to 60 minutes. It uses automated surface observation
elements as predictors and predictands. The same equations project probabilistic
predictions iteratively minute-by-minute. The model is founded on a Markov assump-
tion and utilizes multivariate linear regression as the statistical operator.
Details are given on how the model is constructed and how it compares with other
objective methods such as climatology and persistence. Tests are performed on a
new nonlinear approach.
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16. Abstract

Various approach lighting conf igarat ions. intended to support helicopter Instrument
4 Flight Rules (IFR) approach and Landing operations. have been developed and tested

at the Federal Aviation Administration (FAA) Technical Center, Atlantic City Airport,
New Jersey and at Fort George G. Meade, Maryland. This report outlines details of
the test and evaluation procedure and provides preliminary test results. It also
contains recommendations for a nonprecision helicopter approach lighting system
suitable for installation and inservice evaluation at IFR demonstration heliports.
The proposed system includes front and rear approach lights, enhanced pad perimeter
lights, wing bars, and inset touchdown area lights.
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If. Abst

This report documents a series of tests designed to provide recommended range of
locations for a landing pad which would be satisfActory sites for Microwave Landing
Systems (MLS) precision heliport approuches during instrument meterological conditions
(IMC) for minimally equipped helicopters. The dependent variable for this experiment
was deceleration distance and the independent variables were decision height (DH),
range rate, and elevation angle. Twenty-eight data flights, using 56 flight hours and
eight subject pilots to completh, were conducted at the Federal Aviation
-Administration (FAA) Technical Center parallel to runway 13/31. The subject pilots

were required to fly hooded, inbound 125' or 310" azimuth, through elevation angle
capture and DH, to a visual deceleration landing to full stop. Real estate
availability was not considered as a constraint in this study. The data show that as
the elevation angle to a desired DH is increased, an angle will be reached which
requires that the antenna system be moved from a location adjacent to the helipott to
a location in front of the heliport. This separation distance increases as a function

-of increasing elevation angle (i.e., the helicopter must fly past the MLS antenna to

reach the heliport). For a given elevation angle, as the DH is decreased, a DH will

be reached which requires that the MLS an:enna again be moved from a location adjacent
to the heliport to locations in front of the heliport. This separation increases in
distance as a function of decreasing decision height. In situations where real estate
is limited, steeper angle approaches and lower minima could be obtained by increasing
S tle -'pabilities of the aircraft and/or the crew.

Helport iLS 1Document is on file at the Technical
Collocated MLS/Heliport Center Library, Atlantic City Airport,

New Jersey 08405
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16. Abtec

This report covers the 1984 Federal Aviation Adminkstration (FAA) tests using a
single channel Global Positioning System (GPS) receiver under the turning rotor
blades of a Sikorsky twin-turbine 4-composite blalted S-76 Helicopter and an Army
2-metal bladed UH-1H helicopter. The report cites the performance of the Magnavox
Z-Set GPS receiver during acquisition and operation at various rotor speeds on the
ground.
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16 Abstract During the last 18 months, the coordinated effortsTO 'the Federal AviationAdministration (FAA), state/local governments, and the helicopter industry have
been directed toward the upgrading of the existing Heliport Design Guide. In response
to industry's request, the FAA sponsored a 3 day workshop on November 27-29, 1984.T?,e major objective was to assemble a cross section of the helicopter community to

*.. discuss the critical issues related to IFR/VFR heliport design and to document
* industry's position as an input to a revised Heliport Design Guide. The open.. workshop was widely attended and the so participants came from all aspects of the
- helicopter community: regulators, manufacturers, operators, consultants, and the

aviation trade press. Following a plenary session, the issues were addressedindividually in one of four working groups: 1. Flight Operations, Airspace and
Maneuver Area, 2. Support Facilities and Services, 3.Ground Safety, 4. Planning and
Environmental Aspects. Critical issues were assigned to these smaller workinggroups in order to facilitate meaningful treatmento of each identified subject.

Upon completion of working group deliberations, the four group chairmen presented
their results at a second plenary session in order to achieve a broader consensus.This report contains the industry recommendations which came out of this workshop.

The three volume report is laid out as follows:
Volume I: Executive Summary
Volume 11 : Appendixes

Volume III: Viewgraphs
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15 Svppfemento y Notes

16 Ab,,,oc, During the last 18 months, the coordinated efforts of the Federal Aviation
Administration (FAA), state/local governments, and the helicopter industry have
been directed toward the upgrading of the existing Heliport Design Guide. In response
to industry's request, the FAA sponsored a 3 day workshop on November 27-29, 1984.
The major objective was to assemble a cross section of the helicopter community to
discuss the critical issues related to IFR/VFR heliport design and to document
industry's position as an input to a revised Heliport Design Guide. The open
workshop was widely attended and the $0 participants came from all aspects of the
helicopter community: regulators, manufacturers, operators, consultants, and the
aviation trade press. Following a plenary session, the issues were addressed
individually in one of four working groups: 1. Flight Operations, Airspace and
Maneuver Area, 2. Support Facilities and Services, 3.Groumd Safety, 4. Planning and
Environmental Aspects. Critical issues were assigned to these smaller working
groups in order to facilitate meaningful treatment of each identified subject.

Upon completion of working group deliberations, the four group chairmen preserted
their results at a second plenary session in order to achieve a broader consensus.
This report contains the industry recomendations which came out of this workshop.
The three volume report is laid out as tollows:

Volume I: Executive Summary
Volun.e II: Appendixes
Volume III: Viewgraphs

This document wixl be distributed to all
Heliport Design Guide who attended the workshop. A limited
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16. Absrect During the last 18 months the coordinated efforts ot the Federal Aviation
Administration (FA), state/local governments, and the helicopter industry have
been directed toward the upgrading of the existing Heliport Design Guide. In response
to industry's request, the FAA sponsored a 3 day workshop on November 27-29, 1984.
The major objective was to assemble a cross section of the helicopter community to
discuss the critical issues related to IFR/VFR heliport design and to document
industry's position as an input to a revised Heliport Design Guide. The open
workshop was widely attended and the $0 participants came from all aspects of the
helicopter community: regulators, manufacturers, operators, consultants, and the
aviation trade press. Following a plenary session, the issues were addressed
individually in one of four working groups: 1. Flight Operations, Airspace and
Maneuver Area, 2. Support Facilities and Services, 3.Ground Safety, 4. Planning and
Environmental Aspects. Critical issues were assigned to these smaller working
groups in order to facilitate meaningful treatment of each identified subject.

Upon completion of working group deliberations, the four group chairmen presented
their results at a s'econd plenary session in order to achieve a bro3der consensus.
This report contains the industry recommendations which came out of this workshop.
The three volume report is laid out as follows:

Volume I: Executive Summary
Volume II: Appendixes
Volume III: Viewgraphs
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16. Abstract

This report discusses the results of a 1-year test conducted by the Federal Aviation
Administration (FAA) Technical Center in the Gulf of Mexico to determine both long
and short term stability of Loran C signals in this region for helicopters on
nonprecision approaches.

The data collected were analyzed at the Technical Center. Plots of the data
demonstrate the long and short term stability and, based on the analysis, conclusions
concerning operations in the Gulf of Mexico were made.

p 17. K-*-Vweeds IS. 0Oi etsrn se reesm.
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This document describes the data collection methodology, and the results

Survey. The survey was conducted during the fall, spring and early mumer of
1984. The survey examined helicopter operator and pilot responses In three
particular areas of interest: 1) The nature of helicopter near mid-air
collision encounters, 2) Pilot Display Preferences, and 3) user price
thresholds for a helicopter TCAS.

The survey revealed that only a small percentage of near mid-air
collisions involving helicopters are reported, although pilots assert that
mid-air collisions pose a significant hazard to flight safety. This report
contains breakdowns, by operator group, of significant characteristics of
helicopter operations and their associated NHAC hazards which should be
addressed in the design of a helicopter specific TCAS.

17. Key~ Words 18. Distribuation Statement

TCAS Document is available to the
NMAC U.S. public through the National
NMACTechnical Information Se rvice,

ielicopteir
- Springfield, Virginia 22161.
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800 Independence Ave., S.W., Washington, D.C. 20591 APM-720

I. Suppleomentary Notes

16. Abstract

This document contains information on the utilization of the
Microwave Landing System (MLS) at heliports and helipads. It was
designed to familiarize heliport operators and users with the features of
the MLS and its capabilities in supporting heliport operations. For this
reason the major sections of the dodument present information on MLS
siting, operational characteristics, selecting and specifying an MLS
system. In addition, other sections provide additional MLS information
to familiarize pilots with MLS avionics, pilot training requirements and
aircraft performance considerations.

1 . , words I 13. O~st,,bue,o 'oem

Microwave Landing System Document is available to the U.S.
Helicopters Public through the National
Heiiports Technical Information Service,
Rotorcraft Springfield, Virginia 22161
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This publication addresses the problems helicopter operators face when using

VHF corwunicat ions within typical operating environments where coverage by the
network of ground stations may be deficient. This is of particular interest to IFR
helicopter operators. The specific reasons why communications effectiveness can

be livnited in muntainous or remote regions, considering typical low helicopter
operating altitudes, are reviewed. Recommendations to operators for improving the

airborne VHF installation, and therefore itproving its coverage capabilities, are

presented.

Several installation-related factors are addressed. These include the

characteristics of the hardware, i.e. the transceiver and the antenna, and the

characteristics of the installation, including antenna installation and resulting

coverage pattern, the cable run, the effects of signal availability and ways of

maximizing the capture of the available signal. A set of procedures is presented
which allows operators to evaluate numerically the benefit in terms of signal

strength or sensitivity they may expect given that they make specific improvements
to a given actual, or planned, installation.

VHFW Communications Document is available to the U.S. Public

ATC Comimunications through the National Technical Information
Helicopter IFR Service, Springfield, 'irginia 22161.
Helicopter A ntennas
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is. Supplementary Notes

16. Abstract

A review was conducted of U.S. civil helicopter accidents occurring
,* between 1974 and 1978 to determine impact conditions and injuries

to the occupants. This report describes the distribution of impact
conditions. Also, six typical impact scenarigs were developed to
represent classes of accidents. A rank-ordered analysis of crash
hazards is presented. The report also contains an evaluation of
computer techniques available for structural crash dynamics simula-
tion and a comparison of the civil and military helicopter crash
environments. Recommended crashworthiness design criteria for civil
rotorcraft are presented.

I . Key Words IS. Distribution Statement

Aircraft Human Tolerance Document is avaiiable to the U.S.
Injury Crash Environment public through the National Tech-
fotorcraft Crash Scenario nical Information Ser'ice,
Crashworthiness Impact Dynamics Springfield, Virginia 22161
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James H. Enias DOT/FAA/CT-TN85/l5
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Federal Aviation Administration
Technical Center V 81
Atlantic City Airport, New Jersey 08405 13. Typeofepw amdPeridCeoed

14d r 'I rt md ftIrft at ion Technical Note
Program Engineering and Maintenance Service May - July 1984
Washington, D.C. 20590 . o C.de

IS. SuVmPea"Vj Notes

L 16. Ahe,..

This report describes the results of an inflight evaluation of azimuth (AZ) and
elevation (EL) course widths associated with a Microwave Landing System (MLS)
approach to a helipad. The flight test data were recorded during straight-in
precision approaches using raw-data course guidance information to fly 3, 6, and 9*
elevation angles to a collocated MLS sited at the helipad. The flight test was
conducted in an Army UH-1H helicopter provided through an Army/Federal Aviation
Administration (FAA) interagency agreement. The purpose of this program was to
determine an optimum course width for future flight test evaluations of WLS at the
Technical Center.

The data analysis demonstrated that the optimum azimuth course width for an approach
to an MLS collocated at the helipad is between +3.25* and +3.750 that the optimum
elevation course width is the magnitude of the selected elevation angle divided by 3
(EL/3). This document describes the flight test facilities, methodology, and

~ presents an analysis of the flight test data.

17. Key Word@ I. Dist vlleise Stelemen0
MLS Document is on file at the Technical
Helicopter Center Library, Atlantic City Airport,
TEIPS New Jersey 08405
Heliport
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e Federal Aviation Adminisatration May-September 1983
* Program Engineering and Maintenance Service 14. ow Agt Cod

Washington, D.C. 20590
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This report documents the results of helicopter nonprecision approaches using second
generation Loren C receivers. The approache vere made to five airports in the
Northeast Corridor. Six different Loran C receivers were used throughout the study.
Results of this study were comparable to previous Loran C helicopter nonprecision
Area Navigation (RNAV) approaches which were flown in the Northeast Corridor. When
the receivers vere area calibrated the navigation systems crosstrack error and

9 along-track error met requirements of Advisory Circular (AC) 90-45A. Additionally,
the flight technical error which results when Loran C approaches are made with a
helicopter met requirements of AC 90-45A.

9

. , ""4- 1. Osibtiem S.sm *

Helicopter Document is on file at the Technical
.oran C Center Library, Atlantic City Airport,
Nonprecision Approaches New Jersey 08405
Flight Technical Error 21._Me._ofPages_ _ 2._ __ _ _ _
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Rene' A. Mates DOT/FAA/CT-TH85/23
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Federal Aviation Administration ll. co.o.ee.Ov,. , No. ,
Technical Center T07-05A
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12.$ane,-@.6fl4Hme sw. Ad*.... Test Plan,Federal Aaton Administration January 1985 - January 1986
Program Engineering and Maintenance Service
Washington, D.C. 20590 Id. S.-,.--g Agee Code

-I. swoeOwm ,aer Notes *

An Automated Weather Observing System (AWOS) will be installed at the Federal
Aviation Administration (FAA) Technical Center's interim Concept Development
Heliport, Atlantic City Airport, New Jersey. This test plan describes themethodology for installation and determination of opti.mum siting of an AWOS at a

.N heliport. The resulting siting and installation criteria will be incorporated in
DOT/FAA Order 6560, "Installation and Siting Criteria for Automated Weather Observ-wing
System (AWOS)," paragraph 14, which has been reserved for applicable heliports. Data
collection, reduction, and analysis of test data are 4.scussed and a schedule for
completion of tasks is presented.

I?. KO, Woods tO. Ooe.llmesso $mme

: utomated Weather Observing System (ANOS) Document is on file at the Technical
Center Library, Atlantic City Airport,
Now Jersey 08405
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HELICOPTER TERMINAL INSTRUMENT APPROACH October 1985

PROCEDURES (VOR/ILS) 6. Pw,...,,, Ofami, e.. Code
ACT-140
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Christopher J. Wolf DOT/FAA/CT-TN85/24
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Federal Aviation Administration 11. C,-eect of Go, N.
Technical Center TO7OA
Atlantic City Airport, New Jersey 08405 13. T",Pof.ewt lo PotedCoveed

12 So- .-.. o At.-ey N . ad Add#*&$ Technical Note

Federal Aviation Administration February 1982 - May 1983
Program Engineering and Maintenance Service 14. C
Washington, D.C. 20590

Is Svplpefoentery Notes

16 Ab.lroct

This report documents the Federal Aviation Administration (FAA) Techical Center's
Helicopter Terminal Instrument Approach Procedures (TERPS) project. This project was
undertaken in response to the Aviation Standards National Field Office (AVN) to
provide data for use in streamlining and updating chapter 11 of the TERPS manual.

Data were collected for Instrument Landing System (ILS) and very high frequency
nmni-directtonal radio range (VOR) precision and nonprecision approaches. Data
collection was performed using helicopters from various weight classes.

After the data were collected, it was reduced and formatted and forwarded to AVN for
analysis and use in the updating of helicopter TERPS criteria.

I?. K Weds so. Oto0ew0h..im Sele.em,
VOR HELICOPTER Document is on file at the Technical

ILS Center Library, Atlantic City Airport,

TERPS New Jersey 08405
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Summary of Artificial and Natural Icing Tests Conducted July 1986
on U.S. Army Aircraft from 1974 to 1985 6. Prfetwemg Otseeiel cde

AMSAV-E
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7. A,,b..)

Harry W. Chambers and John y. Adams TR-85-F-11

9. P*oorfeme Orwmi aeiese Name ant Adl o.se 10. WeA Uit Ne. (TRAI$)
U.S. Army Aviation Systems Command
ATTN: AVSAV-E 11. fers r Gof No.
4300 Goodfellow Boulevard DTFA03-80-A-O0199
St. Louis, MO 63120-1798 13. TFl, of Ro--Aod-0o0ed1C o

1. Seseino Agency Nem end Adeels Final Summary Report

U.S. Department of Transportation 1974-1985
Federal Aviation Administration Technical Center
Atlantic City Airport, NJ 08405 Id. S..et AoeyCode

13. sel .Isont.sev Note$

16. Abstr.et
The U.S. Army Aviation Systems Command (USAAVSCOM) conducts airworthiness qualification

testing on aircraft under artificial and natural icing conditions. A JCH-47C helicopter
with a Helicopter Icing Spray System (HISS) installed is used for generating a simulated
natural icing environment. The artificial icing tests are followed by natural icing
tests to assure a wide variety of flight conditions are tested and to verify artificial

icing test results. The JCH-47C/HISS has been used since 1974 for conducting research,
engineering, development, and qualification testing for U.S. Army, U.S. Navy, NASA, and

various contractor aircraft. The USAAVSCOM has compiled an extensive artificial and
natural icing test data base. The data is summarized in this report. Detailed time
histories of selected natural icing encounters have been provided under separate cover
to the Federal Aviation Administration (FAA).

This report documents unclassified U.S. Army, other U.S. Government agencies, and
commercial icing test programs. Also discussed is the use of deice and anti-ice systems
the impact of ice accretion and shedding characteristics, performance considerations,
stability and control, and vibration characteristics; and the cloud parameters measure-
ment equipment and test aircraft instrumentation used for documenting test data. The
test methodology and requirements used for qualifying aircraft for flight into icing
conditions, instrumentation, and special equipment are summarized, and the details for
test condu, ted are contained in the references. The report documents in part 14 years

of U.S. Army experience in conducting in-flight aircraft icing tests and is provided to
". F...A under interagency agreement in the preparation of manuals and other documents

- -c certification of civil aircraft as appropriati.

.Key Words 1. Dieibhuwon Swessmm
Helic-pter Icing Certification
irr raft Icing Document is available to the U.S. public

Liquid Water Content through the National Technical Information
Supercooled Clouds Service, Springfield, Virgini. 22161
.irworthiness Qualification
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Pilot Evaluation of TCAS In 0~e Long Ranger Helicopter __V

John W. Andrews ATC-136
t. Poulefmig Ores".g.'.ef Name end Addess 10. wer Unit M.

Massachusetts Institute of Technology
Lincoln Laboratory1. oto rGinN.
P.O. Box 73 DOT-FA7 7WAI-817
Lexington, MA 02173-0073 13. Type of Report sid ps,..d Covered

12. Sponsoring Agency N.... aind Addess
Department of Transportation Project Report
Federal Aviation Administration
Systems Research and Development Service od pnsoring Agen.cy Code

Washington, D.C. 20951 f7

The work reported in this document was performed at Lincoln Laboratory, a center for
research operated by Massachusetts Institute of Technology, under Air Force Contract
Fl962AR5C-n002.

16 Abstrect

A specially modified version of the Traffic Alert and Collision Avoidance

System (TCAS) was installed 
in a Bell Long Ranger helicopter 

in order to

employed TCAS air-to-air surveillance to provide automated traffic advisories
that were displayed in the cockpit on a color cathode ray tube display.

As part of this study, 12 subject pilots evaluated the utility of the
installation through brief test flights in the vicinity of a major airport.
Among the topics investigated were the rate of alarms, the computer logic
for issuing advisories, the bearing accuracy, and the display symbology.
Several recotmmendations for adapting TCAS to the rotorcraft environment resulted
from the testing.

'1CAI Document is available to the public
Collision avoidance through the National Technical

helicpterInformation 5S rvice.
traffic advisories Springfield, VA 22161.
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TEST PLAN FOR ROTORCRAFT TRAFFIC December 1985
ALERT AND COLLISION AVOIDANCE SYSTEM (TCAS) 6. porlort-fm fe~gOetmaelle Code

ACT- 140

VV Albert J.Rehmann DOT/FMA/CT-TN85/49

Federal Aviation Administration .c,..eG..N.

Technical Center T0702G
-~ Atlantic City Airport, N4ew Jersey 08405 a ye .e i .. oe

12. soon$e g Apopirt Memo wed Add@069
Federal Aviation Administration Technical Note
Program Engineering and Maintenance Service June 1985 - January 1986
Washington, D.C. 20590 Id. hp.# Ag...yr C040

This test plan outlines a three-part development effort for a Traffic Alert and
Collision Avoidance System (TCAS) for helicopters. The installation and planned
flight test of a TCAS experimental unit (TEU) in a composite aircraft, the Sikorsky
S-76, are described.

11-

TCAS Document is on tile at the Technical
Collision Avoidance Center Library, Atlantic City Airport,

Now Jersey 08405
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VALIDATION OF .1L, SITING CRITERIA FOR November 1985
MLS STEEP ANGLE APPROACHES TO A 6. 0pe* ift OtgnsCo
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Scott B. Sholenbergr DOT/FAA/CT-TN85/5.5
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Federal Aviation Administration
Technical Center Gg,, N.
Atlantic City Air-port, New Jersey 08405 13 T *I I ai v'o.Oj CO.&lod

yee Av a"A fn-setiration Technical Note
Program Engineering and Maintenance Service July 1985
Washington, D.C. 20590

IS e ooo t, Not The Heliport MLS Siting Evaluation program was couductea jointly by th
FAA Technical Center and the U.S. Army Avionics Research and Development Activity
(AVRADA) through FAA/AVRADA Interagency Agreement DTFAOI-80-Y-10530. FAA Technical
Center Project EnIgneer - Scott Shollenberger, AVRADA Project Engineer/Pilot -
16. Abitt Paul S. Demko.

This report documents a series of tests designed to provide a recommended range of
locations for a Microwave Landing System (MLS) at a heliport to support precision
approaches in instrument meterological conditions (IMC) for minimally equipped
helicopters. An objective of the tests was to achieve the lowest practical decision
heights (DH's). Eight subject pilots completed 36 data flights totalling 67 hours
of flight time. The subjects flew simulated IMC approaches through glidepath
capture and DH, to a visual deceleration landing to a full stop at thq Federal
Aviation Administration Technical Center heliport. Results show that for a 90-knot
approach (to any of the DH's) the separation distance between the collocated MIS and
the heliport (i.e., the MLS in front of the helipad) is 1400 feet. For a 60-knot
approach the separation distance is 550 feet. Data also illustrated that for the
90-knot approaches a lateral separation of the inbound course centerline from the
heliport centeriine of 600 feet is satisfactory, and 400 feet is the maximum Lateral
separation for 60 knots. Maximum recommended glidepath angles were between 7' and
10, depending on approach speed and DH.

1 - "%.,1*,Ii. Diesehu#w s Steemle~

iLeep Andie Approc~nes/Heliport Document is on fire at the T'echof-cal
Heliport MS Center Library, Atl.lntic City Airport,
Colloctzll ' :Ellort New Jersey 08405
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Program Engineering and Maintenance Service September 1985
Washington, D.C. 20590 1d. 49"Gorifte Agency Code

APM4-720
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16. Absiceet

This report describes the Helicopter Microwave Landing System (MUS) Collocated Flight
Test project recently completed by the Guidance and Airborne Systems Branch at the

* Federal Aviation Administration (FAA) Technical Center. It describes the flight test
facilities, methodology, and addresses topics such as how flight test data are
collected and its application. It also describes each of the helicopter procedures
flown during the project and provides an analysis of the pilot's subjective opinions
concerning the acceptability and workload associated with these procedures.

It was concluded that subject pilots were able to fly single pilot raw data guided
?U.S precision approaches at elevation (glidepath) angles ranging from 3* to 9' to
decision heights within 0.5 ami of the helipad, %hen the azimuth angular course width
was set to +3.60, and the elevation angular course width was set to the magnitude of
the selectel elevation angle divided by 3 (SEL/3).

The data presenrtd herein also suggests that some pilot training on the techniques of
tracking steep glidepaths and the importance of speed control for precision
approaches to a helipad are required.

I?. ey w-doolooibitionspoesigifI
MLS Document is on file nt the Technical
TER.PS ICenter Library, Atlantic City Airport,

rHelicopter New Jersey 08405
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Barry R. Billmann, James H. Enias, and Michael Webb DOTIFAA/CT-TN85/58

9. Preeing e Orgeelie. 01m ed Add* ' 10. eel' Uwt No. (TIAIS)

Federal Aviation Administration M___________W_______No.
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16. Absest

During the winter and spring of 1985, the Federal Aviation Administration (FAA)Eastern Region in conjunction with the Guidance and Airborne Systems Branch at theFAA Technical Center conducted a demonstration of a Microwave Landing System (MLS)
located at a downtown heliport.

This report describes both the industry/user and FAA Technical Center activities
during the evaluation period. It describes the evaluation methodology and addresses
topics concerning both technical and operational issues. It also describes thehelicopter procedures flown during this evaluation and provides an analysis of signal
coverage and the user's subjective opinions concerning the acceptability and
perceived workload associated with these procedures.

It was concluded that MLS to heliports is a viable asset to the helicopter Instrument
Flight Rules (IFR) community, however, its full benefits may not be realized in theBattery Park/Wall Street area without revisiting the necessity and demand for theNew York Terminal Control Area (TCA) VLsual Flight Rules (VFR) operating exclusion
area.

ey %ortle 
1 . Otiwiloe 's$ILS Pilot Workload Document is available to the U.S. uublic

Helipad through the National Technical InformationHelicopter Service, Springfield, VA 22161
Heliport
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IS. S1e0 1 e4tMA FY Note*

16. Absoect

Results of part 1 of a three-part Traffic Alert and Collision Avoidance System (TCAS)
evaluation are contained in this report. Part I evaluation consisted of the
Installation and initial checkout of a TCAS Experimental Unit (TEU) in a Sikorsky
S-76 helicopter.

The results show that the installation was verified except for an unintended
15 decibel (dB) loss in the top mounted antenna.
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ICAS Document is on file at t.he Technical
Collision Avoidance Center Library, Atlantic "'ity Airport,
.:coP New Jersey 08405
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Federal Aviation Administration Technical Note
Program Engineering and Maintenance Service September 1985
Washington, DC 20590 VigAee Cede

16. Ase

This report covers the design, analysis, and flight test of a Computed Centerline
Microwave Landing System (IlLS). This system enables final approaches to be made to
runways which have azimuth units offset from the runway centerline. The system was
successfully flight tested at the Federal Aviation Administration (FAA) Technical
Center, Atlantic City Airport, NJ, and at the Washington National Airport. Hardware
design schematics and software listings are Included in addition to flight test data
plots.

17. Ke WoodsIs. 01oiswtnsh fewe

This document is available to the U.S.
Area Navigation (RZ4AV) public through the National Technical
Microwave Landing System (MLS) Information Service, Springfield, VA 22161.
Computed Centerline
Helicopter
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F e ~rYV onL dinistration Technical Notea
Program Engineering and Maintenance Service September 1985
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This Technical Note describes the methodology fol: data collection flight tests to
determine critical area boundaries about an Microwave Landing System (MLS) facility
in which unlimited operations could degrade signal Integrity to user helicopters.

Test procedures, data collection, and dats reduction and analysis are discussed.

4'.MLS Document is on file at the Technical
Heliport Center Library, Atlautic City Airport,
Rotorcraft Now Jersey 08405
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|6. Abea.t., notes

This report contains the results of bench tests which were performed on the Traffic
Alert and Collision Avoidance System (TCAS) Experimental Unit (TEU) delivered by the
Massachusetts Institute of Technology (MIT) Lincoln Laboratory. The TEU was used in
the Technical Center's helicopter TCAS flight test evaluation.

The results show that the TEU was functioning as designed.

I17. K,, Ws, 16. Diseibwen Stment

Rotorcraft Accident Prevention Document is on file at the TechnicalHelicopter Collision Avoidance Center Library, Atlantic City Airport,
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16 Abst,oc?

A procedure is developed for providing weather forecasting guidance over the
short period of 10, 20, 30, .... 60 minutes. It uses automated surface observation
elements as predictors and predictands. The model is founded on Markov assumption
and utilizes multivariate linear regression as the statistical operator. Details
are given on how the Generalized Equivalent Markov (GEN) model is constructed and

'. h::w it compares with other objective methods such as climatology and persistence.
Tests are performed on an independent data sample. Overall, GEM succeeds in
bettering persistence and does so uniformly over the 6 projection periods of 10, 20
30, .... 60 minutes.
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software support was from Tech Center mathematicians D. Gallagher and P. Maccagnano.

16. Abstsre

Thsreport describes test procedures and results of a series of tests designed to
identify microwave landing system (MLS) heliport flight inspection procedures. The
tests, conducted in November 1985, demonstrated 'the feasibility of using a helicopter
to perform some portion of the flight inspection of the MLS at heliports.
Significant findings included the fact that radio theodolite techniques could be used

V for tracking a helicopter not equipped with stability augmentation equipment.
Constituent parts of a portable flight inspection package were also identified and

* tested.

?Ks, ordsIs. Oistribs,9ioe Slotexieft

Helicopter Flight Inspection This document is available to the U.S.
Collocated MLS/Heliport public through the National Technical
Microwave Landing System Information Servicer Springfield, VA 22161
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16 Abs, ra"t

In order to take full advantage of the helicopter's unique flight
characteristics, enhanced terminal instrument procedures (TERPS) need
to be developed for a variety of non-standard operational situations.
These include non-standard landing navigation aids, precision and non-
precision approach profiles, landing sites, and avionics systems.
Currently, TERPS criteria are largely established by extensive flight
testing. This study examined the requirements for using helicopter
cockpit simulators in place of flight testing to generate data necessary
for enhanced TERPS development. Specifically, this report identifies
and defines which parts of TERPS may be evaluated with the present state
of the art in simulator technology. The report also recommends a test
plan for benchmark simulator-based TERPS evaluation of standard ILS
and MLS approaches using NASA Ames helicopter simulators. Included
as part of this investigation were a survey and summary of the current
state in modeling of navigation systems, environmental disturbances
and helicopter dynamics plus visual and motion simulation; these summaries
are included as appendices.
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16 Aii

Current aDproved terminal instrument procedures (TERPS) do not
permit -.he full exploitation of the helicopter's unique flying
characteristics. Enhanced TERPS need to be developed for a host
of non-standard landing sites and navigation aids. Precision navigation
systems such as MLS and GPS open the possibility of curved paths,
steep glide slopes, and decelerating helicopter approaches. This
study evaluated the feasibility, benefits, and liabilities of using

Vhelicopter cockpit simulators in place of flight testing to develop
enhanced TERPS criteria for non-standard flight profiles and navigation
equipment. Near-term (2-5 year) requirements for conducting simulator
studies to verify that they produce suitable data comparable to
that obtained from previous flight tests are discussed. The lonq-
term (5-10 year) research and development requirements to provide
necessary modeling for continued simulator-based testing to develop
enhanced TERPS criteria are also outlined.
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APM-450 Helicopter Program Branch
APM-210 En Route Automation Program

16. Abstisge

This project plan describes a series of ground simulation and flight tests designed tol
determine the suitability of Loran offshore Flight following (LOFF) in the Gulf of
Mexico. LOP? is an automatic dependent surveillance system which will provide a
display of traffic outside radar coverage for use by air traffic control. Equipped
aircraft will have Loran receivers and an interface unit that will convert Loran
-derived position to a LOFF message which will then be transmitted by VHF radio.
Equipment will be installed in Houston Center which will convert this LOFF message for
input to the enhanced direct access radar channel. Target information will then be
displayed conventionally on a controller's plan view display.

The testing described in this plan will verify operation and measure accuracy of the
converter unit. Flight tests will also be conducted to determine the VHF coverage
area and performance of the LOP? system in areas of radar overlap.
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15. Supplementary Notes

16 Absrract

This dccum ..nt 4escribea the work performed to determine whether an electroluminescent
(E-LU panel heliport lighting system possesses sufficient potential to warrant a full-
scale eviluati-,)n at the Federal Aviation Administration (FAA) Technical Center.

Flight testing was conducted using the FAA's S-76 helicopter to fly approaches to
Ile and orbits around the 60-foot E-L helipad.

-on Results of the flight testing showed that the E-L system has insufficient intensity
* and inadequate cut-off angle to support nighttime helicopter operations and there-

fore does not warrant further evaluation at the Federal Aviation Administration (FAA)
Technical Center.
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Electroiuminescent Document is on file at the Technical
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16. A strac

This report catalogs the aircraft avionics suitable for advanced approachapplications. rhe configuration and model, numbers of avionics used innavigation and approaches for landing are provided for 79 different typesof aircraft. Aircraft are grouped into five user communities which coverMajor Air Carriers, Regional Air Carriers. Executive Jets, General AviationAircraft, and 1FR Helicopters.

Avionics evaluation includes VOR NAYs, ADFs, DMEs, RNAVs, AFCS, weatherradar and the associated display instrumnents. These navigation systems arethe most popular units for navigation and landing in todays aircraft. ILSglideslope receivers, marker beacon systems, navigation management systems,vertical navigation systems, and long range navigation systems are notcovered.
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